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 The following is a compilation of field data collected in 2011 and 2012 in Apalachicola, 
FL as part of a five year study assessing the ecological effects of sea level rise in the northern 
Gulf of Mexico. Many coastal communities, both natural and developed, will soon be working to 
mitigate the effects of sea level rise, if they are not already doing so. This thesis investigates the 
natural patterns of the Apalachicola estuarine system through the collection and analysis of in 
situ water, sediment, and biomass samples. Additionally, results of the field samples are 
presented and recommendations for additional sampling are given. The field methods and 
procedures developed in this study were designed to be repeated in other estuaries to build upon 
the work that has been conducted in Apalachicola.  
 Water samples were tested for total suspended solids (TSS) and compared against 
hydrodynamic (tidal circulation and streamflow) and meteorological (wind and precipitation) 
characteristics. Streamflow was determined to influence a seasonal base level concentration of 
TSS. Wind strength and direction consistently influenced small TSS concentration fluctuations, 
an effect amplified by the shallow nature of the estuary. Tidal circulation appeared to have minor 
influences on TSS concentration fluctuations within the base level concentration range. 
Precipitation appeared to influence large TSS concentration fluctuations; however, due to limited 
data collection during storm events, more data is required to conclusively state this. Sediment 
cores throughout the lower Apalachicola River revealed that coarse particles settled out in 
upstream areas while fine particles tended to stay in suspension until low energy areas in the 
lower portions of the river or marsh system were reached. Finally, biomass samples were used to 
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develop regression models utilizing remotely sensed data to predict biomass density in marsh 
areas with unprecedented accuracy.  
 The documented patterns of this system are to be used as inputs and validation points to 
update an existing hydrodynamic model and to aid in the coupling and development of sediment 
transport and marsh equilibrium models. The field campaign developed and implemented here 
provides a foundation for this novel coupled modeling effort of estuarine systems. From the 2011 
and 2012 sampling conducted, it is apparent that Apalachicola can be modeled as a closed 
system with river inflow and sediment influx as boundary conditions. Forcing local conditions 
should accurately represent the system. Ultimately, these models will be used to simulate future 
sea level rise scenarios and will provide useful decision making tools to coastal managers. 
 Future work will include replicating water sampling in subsequent wet and dry seasons in 
Apalachicola, FL to confirm observed trends, in addition to implementing this sampling in Grand 
Bay, MS and Weeks Bay, AL. Additional biomass samples will be taken to validate the strong 
correlations found between remotely sensed data and in situ samples. In similar studies, it is 
recommended that water samples be taken to adequately represent influences from tidal cycles 
and riverine inflow. It is also recommended that spatially distributed biomass samples be taken 
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CHAPTER 1. INTRODUCTION 
 The research herein is a portion of a five-year project studying the Ecological Effects of 
Sea Level Rise in the Northern Gulf of Mexico (EESLR-NGOM) funded by NOAA. This project 
is an interdisciplinary effort to determine physical and biological responses in northern Gulf of 
Mexico estuary systems to various sea level rise (SLR) scenarios. This investigation will be 
achieved through the collection of field samples that will be used to parameterize and validate 
numerical models. These models will first accurately describe the dynamic processes of the 
region and then predict future interactions and responses to rising sea levels. Focus will be 
placed on accurately predicting changes in hydrodynamics, sediment transport, salinity, oyster 
production, marsh grass production, marsh accretion, submerged aquatic vegetation production, 
among several other processes. Their interactions will be represented by coupling numerical 
models specifically designed to describe one process (and other inclusive or related processes) 
with other numerical models designed to the same for other processes therefore enabling 
continuous feedback loops.  
 Coastal lands are primarily occupied by coastal wetlands and developing cities. The rate 
at which the population in coastal regions of the United States is progressing equals or surpasses 
rates of other developing regions across the nation. NOAA (National Oceanic and Atmospheric 
Association; (1998) predicts that by 2015 the coastal population in the U.S. will increase by 27 
million people. It is important to balance demands imposed by increasing population with the 
needs of coastal ecosystems. Salt marshes (one of the major habitats in coastal ecosystems) filter 
water, protect natural and developed inland areas from flood waters, and support vast numbers of 
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plant and animal species influential to the system (Costanza et al., 1997; Crooks et al., 2011; 
Zelder & Kercher, 2005). The high volume of flourishing fish and shellfish supported by salt 
marshes create large economic infrastructures through commercial and recreational fishing, bird 
watching, tourism, and other recreational activities (Jensen et al., 2002). If coastal regions are 
not protected, the plants, animals, and populations that depend on them will suffer.  
 In addition to population stressing coastal ecosystems, SLR is posing larger threats than it 
has in the past (Church & White, 2004). Global sea level has been rising at a rate of 1.7 mm/year 
and while projections vary greatly, all predict a continual rise in sea levels (Donoghue, 2011). In 
recent years satellite altimetry has been used to estimate SLR at 3.1 mm/year between 1993 and 
2008 (Cazenave & Llovel, 2010). By 2100, SLR is predicted to result in sea levels between 30 
and 100 centimeters higher than present day levels (IPCC, 2007; Nicholls & Cazenave, 2010; 
Vermeer & Rahmstorf, 2009). The main threats posed by SLR are shoreline erosion, beach 
destruction, inundation of coastal wetlands and infrastructure, and increased flooding from 
extreme storm events (Nicholls et al., 1999). The sensitivity of marsh areas to SLR are 
influenced by sediment supply, vegetation production, subsidence, changes in storm frequency 
and intensity (Allen, 1990; Morris et al., 2002; Nicholls & Cazenave, 2010; Pethick & Crooks, 
2000; Stralberg et al., 2011). Higher sea levels typically increase erosion and while human 
interference can be blamed for some coastal erosion, erosion has also been observed on sparsely 
populated coasts indicating SLR is likely responsible for the noted degradation (Leatherman, 
1990). SLR also threatens ecosystems through the drowning of the salt marshes that support 
entire ecosystems (Morris et al., 2005).  
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SLR can have large spatial variations making it difficult to classify on a worldwide basis 
(Donoghue, 2011; Reed, 1995). Focusing regionally can yield comparable trends and produce 
reasonable projections that may be acted upon (Reed, 1995). The northern Gulf of Mexico has 
experienced a steady rise in sea level for the past 18,000 years (Donoghue & White, 1995) and 
exhibits little variation in relative SLR from location to location (Milliken et al., 2008). This 
region that is expecting an increase in population and is already experiencing SLR provides a 
good case study for assessing impacts to the ecosystems especially since low-lying coastal zones 
are the most vulnerable to rising sea levels (Stralberg et al., 2011). Ecosystems in the northern 
Gulf of Mexico house a variety of aquatic and terrestrial plant and animal species in addition to 
the ever increasing number of expanding coastal communities (Livingston, 1984). All depend on 
and influence the resources and processes of the surrounding ecosystems. It is imperative that 
researchers continue to advance methods used to study the physics and biological responses of 
these ecosystems, and produce management tools that integrate the dynamic processes to aid in 
important coastal management decisions. 
One such tool that can be used in the management process is predictions from numerical 
models simulating impacts of various SLR scenarios on coastal estuarine systems. When using 
numerical models to predict these effects, the current state of the system must first be accurately 
described in the model. During simulations, SLR scenarios will influence and change 
components of the system (e.g. bottom topography, storm intensities, marsh elevation, etc.) 
which will inherently alter other components of the system because of their interconnectivity 
(Morris et al., 2002; Reed, 1995). Errors in the beginning stage of the model may propagate 
through the simulations and could ultimately produce less accurate predictions of each scenario. 
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 Numerical models of hydrodynamics can now describe large domains and therefore 
depend on automated processes and remotely sensed data to parameterize spatial variations 
within their domains as it is impossible to physically validate each computational point within 
the model (with models employing millions of computational points) (Atkinson et al., 2011). To 
ensure that the numerous data sets used in parameterization represent the Earth and its natural 
interactions as closely as possible, it is essential to perform field data collection that can be used 
as inputs and validation points for the models, in addition to comparisons against remotely 
sensed and automatically assigned model parameters.  
 This thesis focuses on the development of field research methods to collect and analyze 
such data in three estuaries in the northern Gulf of Mexico (Figure 1). Support was received in 
each location from the local National Estuarine Research Reserve (NERR). The Apalachicola 
NERR (ANERR) in Florida, Grand Bay NERR (GBNERR) in Mississippi, and Weeks Bay 
NERR in Alabama (WBNERR) represented the mission statement of NERRs by providing 
support in the data collection process (Figure 1). The data collection methods discussed herein 
were applied in a fluvial dominated estuary in Apalachicola, FL with the support of the ANERR 
(Figure 2). The Apalachicola River is an ideal system to model as the start of the river is 
controlled by the Jim Woodruff Dam, thus creating a closed system. Habitats include fresh and 
salt water marshes, wooded and shrub swamps, and shallow bay areas (Livingston et al., 1974). 
The bay system supports the economy of the region, with an estimated $34.2 million (in the year 
2000) during a fully functioning system (Colberg & Windham, 1965), including 90% of 
Florida’s oyster production (Huang & Jones, 2001; Livingston, 1984). The system present here 
requires an interdisciplinary approach because hydrodynamics, hydrology, ecology, 
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geomorphology, and plant biology are integrated and dependent on the others (Randerson, 1979). 
 Livingston (1991) noted that research is becoming a less important part of the coastal 
management process and is being replaced by public relations and political battles. Some key 
actions in past management plans in Apalachicola have been the purchase of land to protect from 
human development as opposed to restoring them post-destruction (Livingston, 1991). This 
strategy has worked well as Apalachicola is largely undeveloped and in a near-natural state; 
however, it may not be enough as the region is a target for population growth and vulnerable to 
SLR. Higher sea levels in the future may require a more active role from coastal managers to 
protect the estuary and natural systems (Nicholls et al., 1995). As it is imperative to base such 
influential decisions for the future on accurate data, this thesis is focused on the data collection 




Figure 1 GBNERR in Mississippi, WBNERR in Alabama, and ANERR in Florida 
 
Figure 2 Apalachicola, FL and ANERR boundary (red) 
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The end product is a bundle of data and analyzed results that will be used as inputs and 
validation for predictive numerical models for the region. In turn these models will be used in the 
development of coastal management tools. Specifically, integrated hydrodynamic, sediment 
transport, and spatially variable marsh models are being developed with the gathered information 
to simulate various SLR scenarios in the region and to evaluate resulting effects on the 
surrounding ecological habitats. The predictions from these models will provide excellent tools 
to coastal managers who will be working to protect coastal regions from SLR. This thesis 
describes field data that were collected to support the development of these state of the art 
models for the Apalachicola region. The ecosystem in Apalachicola is comprised of many 
interdependent components such as sediment transport, tidal circulation, and biomass production, 
among others. A detailed literature review of previous studies in the Apalachicola region was 
conducted and a sampling plan was designed to compliment previous efforts and gather data 
types that were previously not collected. To characterize the trends needed to parameterize the 
suite of integrated models, various samples were collected and analyzed in 2011 and 2012. 
Water, sediment, and biomass samples were collected to help classify the physical processes in 
this estuary.  
The collection procedure and analysis of each sampling scheme is described in this 
document in detail, and could be applied to other estuaries within the region, nationally, and 
worldwide to classify similar estuary characteristics (i.e. sediment transport, biomass spatial 
variability, below-ground biomass production). The analysis procedure of these samples is also 
described in detail. Results were analyzed to determine ecosystem responses to forcings such as 
tidal circulation, river flow, precipitation, and winds, among others. These findings (specific to 
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Apalachicola) are presented and will eventually be compared and contrasted to additional results 
from other estuaries in the region. Trends observed and quantified in this process will be used in 
the development of future numerical models as inputs and validation.  
Three numerical models will specifically benefit from the in situ samples collected. An 
existing high-resolution hydrodynamic model will be updated and a sediment transport model 
and a coupled hydrodynamic / marsh equilibrium model will be developed. To produce accurate 
results and predictions, the models must be integrated as well as components of the system are 
integrated. The interconnectivity of these components and their implications in the models will 
be detailed throughout this document. The field methods developed in Apalachicola, FL will be 
implemented at Grand Bay, MS and Weeks Bay, AL to expand the study on the northern Gulf of 
Mexico. The data collected in these three estuaries will describe sediment transport, and its 
varied dynamics and influences in fluvial (Apalachicola Bay), tidal (Grand Bay), and mixed 
(Weeks Bay) estuarine systems enabling the description of these processes using the predictive 
models on the broader scale of the northern Gulf of Mexico. Simulations of SLR scenarios from 
these highly accurate models will ultimately provide coastal management tools that will aid in 
future decision making process.  
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CHAPTER 2. BACKGROUND 
2.1 Study Area Location 
Apalachicola is situated on the coast of Florida’s panhandle, in the northern Gulf of 
Mexico (Figure 4). The Apalachicola River serves as the boundary between Calhoun and Gulf 
Counties to its west and Liberty and Franklin Counties to its east (Figure 4). Numerous 
tributaries such as the Chattahoochee and Flint Rivers and many other minor ones contribute to 
the lower Apalachicola River (Figure 3). The Apalachicola River is separated from the 
Chattahoochee and Flint Rivers at Lake Seminole by the Jim Woodruff Dam (Figure 3). This 
dam controls flow from this point (the start of the Apalachicola River) to the Gulf of Mexico 
thus denoting the entire downstream area as one of the locations of research interest for the 
EESLR-NGOM project. The main distributaries draining into East Bay (from the Apalachicola 




Figure 3 Apalachicola, Chattahoochee, and Flint Rivers with associated dams, specifically the Jim Woodruff 




Figure 4 Apalachicola counties 
 
Figure 5 Apalachicola River distributaries 
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East Bay connects to the northern portion of Apalachicola Bay. St. George and St. 
Vincent Sounds are to the east and west of Apalachicola Bay, respectively (Figure 6). In general, 
this suite of bays and sounds is referred to as Apalachicola Bay where water depth ranges from 
0.9 to 3.0 meters above NAVD88, averaging approximately 2.4 meters (Edmiston et al., 2008b; 
Huang et al., 2002; Livingston, 1984). The bay is protected by a series of barrier islands, namely 
St. Vincent Island, Little St. George Island, St. George Island, and Dog Island (Figure 7). From 
east to west, East Pass, Sikes Cut (man-made), West Pass, and Indian Pass allow the bays and 
sounds to freely exchange water, salinity, and sediment with the Gulf of Mexico (Figure 7). The 
Gulf Intracoastal Waterway, approximately 3.6 meters deep, travels through St. George Sound 
and into the Apalachicola Bay. It extends up the Apalachicola River and exists through an 
artificial channel into St. Andrews Bay to the west of the study area (Livingston, 1984).  
 








2.2 Apalachicola System Designations 
Apalachicola falls within the jurisdiction of the Northwest Florida Water Management 
District (NWFWMD). The Apalachicola system was designated as one of eighteen Aquatic 
Preserves by the state in 1969, and in 1979 the National Oceanic and Atmospheric 
Administration (NOAA) designated the lower river and bay system as a National Estuarine 
Research Reserve (NERR). The State of Florida designated the lower Apalachicola River an 
Outstanding Florida Water in 1979 and added the upper river to that designation in 1983. The 
water quality at the time of this designation is now used as a nonnegotiable standard, and the 
management benefits of the NERR help maintain said quality (Edmiston et al., 2008a).  
The NERR system includes 27 areas throughout the United States with different 
biological and geographic properties. Their mission is to provide long-term estuarine monitoring, 
research, education, and resource management. The tools and knowledge of the reserve system 
can be used to make the most informed coastal management decisions possible (Edmiston et al., 
2008a).  
True to its mission of research, protection, and awareness, Apalachicola National 
Estuarine Research Reserve (ANERR) played an integral role in the data collection portion of 
this project. The ANERR includes 246,766 acres, 135,680 acres of which are state-owned 
submerged land (Figure 8). Encompassed in the Reserve are the Apalachicola Bay, its tidal 
creeks, marshes, bayous, portions of the barrier islands (including St. George Island State Park), 










Temperatures in Apalachicola range between 13°C and 27°C on average with minimum 
and maximum extremes of -8°C and 39°C, respectively (Jordan, 1973; Livingston, 1984). Water 
temperatures exhibit daily cycles and rapid response to metrological variations. Daily and annual 
water temperatures throughout the Apalachicola system have been recorded by ANERR’s 
system-wide-monitoring program (SWMP). Water temperatures fluctuate between 5°C and 30°C 
on an annual basis (Edmiston et al., 2008a). Livingston (1984) also noted that because of the 
high amount of mixing the bay experiences, water temperatures are closely correlated with the 
air temperatures. In addition, this phenomenon causes little thermal stratification in the system 
(Livingston, 1984).  
Apalachicola receives an average of 142.8 centimeters of precipitation annually 
(Isphording, 1985). The spatial distribution of rainfall varies, with areas east of the river 
receiving approximately one-third more rainfall than those on the west side of the river 
(Livingston, 1984). Additionally, the precipitation is unevenly distributed throughout the year 
with the least amount of rainfall occurring in October and November and peaks in July through 
September (Kofoed, 1961). Thunderstorms occur 73 days per year on average, 73% of which 
occur from June through September, and 7% that occur between November and February 
(Isphording, 1985; Livingston, 1984).  
Extreme storm events present exceptions to the general patterns of the system, the most 
notable of which are hurricanes and tropical storms that commonly carry severe winds and 
intense precipitation. The Gulf Coast is prone to hurricanes in the summer and fall months and 
since 1837, 16 hurricanes have passed within 80 kilometers of Apalachicola, and an additional 
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35 have passed within 240 kilometers. Winds of 110 mph or less denote a minor hurricane, while 
110 mph or more is a major hurricane. These hurricanes pass within 240 kilometers of 
Apalachicola every 4.3 years, and within 80 kilometers every 9.3 years, on average (Isphording, 
1985).  
2.4 Hydrology 
Apalachicola River serves as the drainage outlet for the Apalachicola-Chattahoochee-
Flint (ACF) River system. Extending beyond Florida and into Georgia and Alabama, the ACF 
drainage basin is approximately 51,300 square kilometers. The Apalachicola River is an alluvial 
river formed from the convergence of the Chattahoochee and Flint Rivers at Lake Seminole. 
Draining from Lake Seminole, the Apalachicola River flows uninterrupted for 170 kilometers 
falling approximately 12 meters (Livingston, 1984) and terminates in the Apalachicola Bay and 
Gulf of Mexico (Light et al., 1998). 
There are 16 dams along the ACF River system (Figure 3). The most downstream dam is 
the Woodruff Dam that restricts Lake Seminole and marks the beginning of the undammed 
Apalachicola River. Construction on the dam started in 1950, and the filling of the reservoir took 
place from 1954 to 1957. Current operating protocol of the dam calls for a minimum flow of 
4,500 cfs to be released 1998 (FWS, 2012). Filling of the reservoir during summer months 
causes some reduction of flow to the Apalachicola River; however, reservoir and dam operations 
have to influence on the high flow periods during winter months. The increased flows during this 
time are instead attributed to precipitation and snowmelt (FWS, 2012). There is slight 
degradation of the northern portion of the river bed as a result of the dam (Light et al., 1998). 
However, Isphording (1985) concluded that pre and post sediment loads through dam area are 
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nearly identical, but expected a change in particle size due to trapping of coarse sediments by the 
dam. This observation also leads to the hypothesis that TSS in the Apalachicola River is sensitive 
to precipitation events and is therefore a function of overland sediment transport from the basin 
because sediment is largely controlled by the Jim Woodruff Dam at the beginning of the 
Apalachicola River.  
Dredging for navigational improvements took place intermittently in the river between 
1874 and 1956. At present day, there is a 3- by 30-meter navigation channel that was initially 
dredged in 1956, and usually undergoes annual maintenance dredging of approximately 800,000 
cubic meters per year (USACE, 2000). The U.S. Army Corps of Engineers (USACE) also made 
seven cutoffs between 1956 and 1969 to make tight bends in the river more navigable for barges 
(Elder et al., 1988; USACE, 1986). Other terrestrial alterations to the bay system include the 
bridges and causeways, the Gulf Intracoastal Waterway channel, the Two-Mile Breakwater and 
Extension Channel, and the Scipio Creek Boat Basin Channel (Edmiston et al., 2008a). Neither 
the dam nor dredging activities are primarily responsible for bed degradation along the river. 
However, it does appear that dam regulation reduced the amount of time river flow was at low 
extremes and the water stages in the first 50 kilometers of the river were lower due to scouring of 
the river bottom (Couch et al., 1996; Light et al., 1998). Core samples throughout Apalachicola 
and East Bays show that these human activities have not had any long-term effects on 
sedimentation (Bedosky, 1987).  
The width of the river ranges from below 100 meters to seven kilometers during high 
flows (Couch et al., 1996). River depths range between 2.0 to 2.6 meters in upstream areas and 
increase to 3.5 to 4.0 meters near the river’s mouth (Twichell et al., 2010). The Apalachicola 
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River has the highest discharge with respect to flow volume compared to all other Florida rivers 
and is ranked 21
st
 in annual discharge among all other rivers in the conterminous United States 
(FLDEP, 2010). Since 1978 the river’s annual high flows average 105,000 cfs (Leitman et al., 
1983) but have reached 179,000 cfs (USGS, 2012), a result from increased precipitation and 
snow melt from the upper reaches of the ACF basin. The river’s average annual discharge (since 
1978) is 24,000 cfs and average annual runoff is 48.5 centimeters (Fernald, 1992; Gebert et al., 
1987; Livingston, 1984; USGS, 2012). The high volume of streamflow creates moderately high 
flow rates that enable transport of particulates (Livingston et al., 1974). Streamflow averages 
have consistently been decreasing since 1978 (USGS, 2012). Peak flows are expected from 
January through April while low flows are expected in September through November. During 
peak flows, the wetlands are submerged and the lower Apalachicola River is under water 
(Harrington, 2001).  
2.5 Soils and Sediments 
2.5.1 Geology  
The Apalachicola River drains approximately 6,700 square kilometers. The estuary, 
providing a transition zone between the fresh water Apalachicola River and the saline Gulf of 
Mexico, is shallow and covers approximately 538 square kilometers (Couch et al., 1996; Niu et 
al., 1998). Donoghue (1992) states that the coast of the region was formed by the Apalachicola 
River in the late Tertiary and Quaternary periods. Since then, waves and long-shore drift have 
shaped the coast. Shallow seismic data in the bay indicate that the mouth of the river shifted east 




  The Apalachicola River has the largest floodplain of any river in Florida (approximately 
15 percent of the basin area) which highlights the importance of the river’s annual flooding 
cycles that suspend and carry sediment and organic material from the floodplain (Edmiston et al., 
2008a; Elder et al., 1988). There are three main soil types in the Apalachicola River floodplain: 
silt-clays, sandy soils, and organic soils. The silt-clay dominates the surface because fine grain 
sediments can be carried long distances and deposited on the floodplain during high flows. 
Sandy soils are found in the beds of some floodplain streams, floodplain areas of higher 
elevation, and sandy levees along main channels (Light et al., 1998).  
2.5.2 Sediment Transport  
Alluvial rivers are largely influenced by precipitation and runoff from tributaries and 
overland sources. Their common features include seasonal variations in flow, annual flooding, 
and large sediment loads. Because of this, upland rainfall has a substantial influence on river 
flows, especially in the Apalachicola River because most of its drainage basin and headwaters 
are located in Georgia and Alabama (Edmiston et al., 2008a). However, flow in the lower 
portion of the river is heavily influenced by rainfall in Florida during periods of low flow (Elder 
et al., 1988). Overland flow erodes soils that are transported downstream in the river and 
deposited in the bay (Isphording, 1985). Typically, sediment is deposited during low flow 
periods and eroded during high flow events and is commonly deposited on the floodplain, with 
coarser sediments often deposited on natural levees on the bank of the river (Edmiston et al., 
2008a). Coarse sediments in the region have been attributed to relic sands from the upper regions 
of the drainage basin that were transported when water levels were much higher than they are 
today (Kofoed, 1961).  
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Sediment originating from the upper portions of the ACF drainage basin is mostly 
comprised of Cretaceous and Recent sediment. Recent sediment can be defined as poorly 
consolidated marine sands and clays (Bedosky, 1987). Isphording (1985) noted that sediment 
found in the river delta is mostly sand-sized, and the silt- and clay-sized particles are found in the 
calm estuary regions. In addition to sand and clay particles, organic matter also contributes to the 
total suspended solids (TSS). River flooding will pick up and carry fallen organic materials and 
accelerate decomposition. The organic matter that is picked up is generally transported during 
floods in the winter and spring seasons (Livingston, 1984). In addition to sediment introduction 
from the river, other major factors influencing sediment transport are the bottom topography and 
wind, wave, and tidal current effects in the bay. The Apalachicola Bay has a gently sloping plain 
with few features aside from man-made channels and spoil areas. The bottom slope of the bay 
dissipates the majority of offshore wave energy the system receives (Kofoed & Gorsline, 1963). 
Because of this condition, the majority of river sediments settle in the bay, which can be 
observed by a layer of clay and silt (of fluvial source) approximately 20 centimeters thick 
covering a quartz sand base layer (Livingston et al., 1974). The offshore energy the bay receives 
is dampened by the shallow nature of the Continental Shelf that extends out into the Gulf causing 
waves to break far off-shore. During extreme storm events (hurricanes and tropical cyclones), 
however, long wind-driven waves may be amplified as they travel over the shallow shelf 
(Isphording, 1985). 
2.5.3 Sediment Distribution 
The gently sloping bottom of Apalachicola Bay leads to bottom sediments transitioning 
from silt from the river to sand closer to the Gulf (Kofoed & Gorsline, 1963). Silt dominates in 
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areas of the bay deeper than two meters. An analysis of the variance in mean grain size showed a 
distinct difference between sediments on the western portion of Apalachicola Bay compared to 
the eastern portion, likely caused by sediment contribution from the Apalachicola River. 
Sediment type throughout the bay can be attributed to the topographic features. Features such as 
bars, shoals, or depressions dissipate wave energy and allow fine sediments to settle while 
coarser sediments are found on features with higher energy levels such as flat bottom areas of 
channels. Because of this depositional pattern, the majority of the sediment from the 
Apalachicola River settles in the large depression between St. Vincent Sound and the portion of 
Apalachicola Bay proper bounded by Bulkhead Shoal (Brooks, 1973; Kofoed & Gorsline, 1963).  
Hurricanes that pass near the region have short, but substantial impacts on sediment 
transport and distribution, mainly due to strong winds that can transfer enough energy to the 
water to resuspend sediment (Bedosky, 1987). Elevated water levels create the potential for fast 
currents through passes that scour the bottom. These high water levels and wind driven wave 
action have overtopped islands and greatly altered the coastline numerous times (Isphording, 
1985). For a recent example, the barrier islands protecting Apalachicola were heavily impacted 
during the 2004 and 2005 hurricane seasons. Each event erodes and deposits large amounts of 
sediment throughout the system. Certain locations saw as much as 0.5 meters of sand displaced 
and up to 0.6 meters of deposition (Edmiston et al., 2008b).  
As mentioned several times already, sediment type, transport, and deposition play a large 
part in the dynamics of this ecosystem. It is clear that different components of the estuary are 
sensitive to sediment loadings so one of the most immediate concerns is the effect that sea level 
rise will have on the sediment characteristics. By gaining a clear understanding of how the 
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system currently functions, predictive models can be validated and used to help coastal managers 
make the most informed decisions to protect the ecosystem in the future. 
2.6 Bay Features 
2.6.1 Tides 
The northern Gulf of Mexico experiences a westward longshore drift that is amplified by 
counter-clockwise current running from Apalachee Bay to Cape San Blas (Davis, 1997; Kofoed 
& Gorsline, 1963). Apalachicola Bay sits between these two landmarks covering approximately 
415 square kilometers and is protected from this current by the four barrier islands. Here, semi-
diurnal tides of southwestern Florida and diurnal tides of northwestern Florida converge making 
Apalachicola a transitional zone with a “mixed” tidal classification (Huang et al., 1999). Because 
of the dueling tidal currents, Apalachicola may experience one to five tides on a daily basis, but 
typically sees two high and two low tides (Isphording, 1985). From a harmonic analysis, Huang 
et al. (2002) determined that the dominant tidal constituents from the semidiurnal tides are M2 
and S2 (predominately M2) and the dominant diurnal components are K1 and O1 (predominately 
K1). Tidal amplitudes are highest on the eastern side of the bay, but the friction experienced in 
the shallow bay decreases the energy, diminishing the amplitude in the western portion of the 
bay (Huang et al., 1999; Huang et al., 2002). The tidal range is between 0.3 to 0.6 meters on a 
regular basis with a normal maximum of one meter, however, winds can considerably alter 
normal tidal levels (Dawson, 1955; Edmiston et al., 2008a; Isphording, 1985; Livingston et al., 
1974). The river discharges perpendicular to the tidal currents in the bay, and it is believed that 
this configuration causes more turbulence and mixing than other bays in the northern Gulf of 
Mexico experience (Livingston, 1984). The tidal currents are further complicated by the five 
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passes between the bay and the Gulf of Mexico (Edmiston et al., 2008a; Huang et al., 2002). 
Tidal influences in the Apalachicola River are present as far as 40 kilometers upstream of the 
river mouth (Couch et al., 1996). 
Salinity in the bay/estuarine system is affected by every physical and meteorological 
component of the system discussed thus far. The water in Apalachicola Bay is diluted by the 
fresh water inflow from the Apalachicola River which is influenced by rainfall in the upper 
drainage basin (Livingston, 1984, 1991). The river creates salinity gradients which can be 
defined in a latitudinal fashion (Livingston et al., 1997). The mouth of the river exhibits the 
lowest salinity values in the area between 0.5 parts per thousand (ppt) (Livingston, 1984) and 2.0 
ppt (Isphording, 1985). Salinity increases with increasing distance from the river mouth, with 
maximum values between 28 ppt (Isphording, 1985) and 30 ppt in the bays and sounds 
(Livingston, 1984).  
Much of the system exhibits stratification but due to its shallow nature and subsequent 
wind driven mixing, the stratification often changes on a regular basis. Faint salinity trends are 
observable throughout the year such as low bay salinities during high river flow. The highest 
salinity values typically occur during the drought months of October through November. 
(Livingston, 1984). While salinity may be regulated by fresh water inflow from the Apalachicola 
River, tidal hydrodynamics in the bay far outweigh hydrodynamic influences of the river, 
making its contribution to the bay hydrodynamics minimal (Conner et al., 1982).  
2.6.2 Winds 
The currents in the system are dominated by the astronomical tides, but they are also 
influenced by the wind speed and direction (Dawson, 1955; Edmiston et al., 2008b; Livingston, 
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1984). At times the wind will exert a greater force on the water than the tidal currents, the main 
feature of a microtidal system. Estuaries and bays with microtidal characteristics are more 
common in shallow systems such as the Apalachicola Bay (Livingston, 1984). This can be seen 
when winds from the north expose otherwise submerged bars and shoals by holding back the 
flood tide. In contrast, winds from the south enhance lunar tides creating abnormally high water 
levels (Kofoed & Gorsline, 1963; Livingston, 1984). In spring and summer, winds tend to 
dominate from a southerly direction and from a northerly direction in the fall and winter months. 
Strong winds also enable thorough mixing of shallower waters, while weak winds may only 
affect the surface layer causing stratification in the water column, however, the system is 
generally well mixed (Conner et al., 1982; Estabrook, 1973). The mixing and resuspension of 
suspended and bottom sediments induced by winds and currents provides any given area the 
potential to have a completely different type of sediment after the tide or wind regime has 
changed (Isphording, 1985).  
2.6.3 Submerged Environment 
 Livingston (1984) describes the most influential features of the bay as marshes, oyster 
beds, and grass beds; however, the most dominant feature of the area is soft sediment bottom that 
lacks vegetation. When considering Apalachicola Bay, East Bay, St. Vincent Sound and St. 
George Sound, only about 22% of the bottom surface area supports oyster beds or seagrass beds. 
The remaining 78% is bare sand and mud bottom (Figure 9). The vastness of the sand and mud 
bottom brings to light the dominance of sediment transport in the system in addition to 
exemplifying the delicate and scarce nature of the most biologically influential and productive 
features of the system.  
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Oyster bars are integral components to the ecosystem and the economic stability in the 
Apalachicola region. Apalachicola boasts optimal conditions for productive oyster bars, 
accounting for approximately 90% of Florida’s oyster production (Huang & Jones, 2001; 
Livingston, 1984). Covering only about 9% of the bay area, the oyster bars find optimal salinity 
levels and sandy sediment conditions regulated by tidal circulation and freshwater inflow from 
the Apalachicola River (Figure 9) (Twichell et al., 2010; Wang et al., 2008). Increased sediment 
transport of mud and silt (i.e. fine grained sediments) from the river may overtake the sandy 
areas that oysters prefer, and abnormally high or low river flows and winds may cause a change 
in salinity that could negatively impact the oyster population (Livingston, 1984; Twichell et al., 
2010). It appears that high salinities promote oyster predation and lower salinities provide some 
protection by limiting salinity-sensitive species; however, it appears that protection from 
predators rather than low salinities promote oyster production (Huang & Spaulding, 2002; 
Livingston, 1984; Menzel & Hopkins, 1955). Adult oysters also face high mortality rates in 
warmer water temperatures and zero salinity conditions produced by excessive precipitation 
events that increase streamflow from the Apalachicola River (Edmiston et al., 2008b; 
Livingston, 1984). In Apalachicola, 17 – 26 ppt and 20 – 25 ppt were found to be optimal 
salinity ranges for oyster growth at Cat Point and Dry Bar, respectively (Wang et al., 2008). 
Hurricanes pose threats to oyster beds as well. In 1985 Hurricane Elena destroyed nearly all the 
oyster beds in the region; however, the oyster beds recovered within one year (Livingston, 1991). 
Seagrass beds that account for approximately 13% of the bay area provide food and 
shelter for aquatic animals living on and in the substrate and sediments that are rich in organic 
matter from the grasses (Figure 9). Seagrass beds are highly sensitive to turbidity and generally 
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are found in less than one meter of water where light is able to penetrate to the bottom. This 
submerged aquatic vegetation (SAV) prefers areas with higher salinities. High sediment 
concentrations or resuspension of sediments may negatively affect the survival of the seagrass 
beds in the bays and sounds (Edmiston et al., 2008b; Livingston, 1984).  
The sediment type and distribution on the bottom is a major determining factor of the 
species that will inhabit an area, demonstrated by the fewer number of species in these bare 
bottom regions (Livingston, 1984). Sediment transport and distribution clearly has a large 
influence on the aquatic habitats in the bay system as the previously discussed features are only 
tolerant of certain levels of sediments. Sediment distribution and transport also play important 
roles in the marsh systems by influencing the plant and animal species in the same manner it 
does in the bay. 
 




2.6.4 Salt Marshes 
Freshwater input from the Apalachicola River is one of the most defining features of the 
Apalachicola Bay system. The estuarine system relies on the fresh water inflow to balance 
salinity and supply nutrients (Livingston, 1984). Salt marshes surround the estuary covering over 
170 square kilometers, predominately around the Apalachicola River and Apalachicola and East 
Bays (Fagherazzi et al., 2012; Livingston, 1984). Salt marshes bridge aquatic and terrestrial 
ecosystems and are often found between fresh water and saline water bodies. These marshes are 
accustomed to tidal flooding and storm surges (saline based) and are thus dominated by salt-
tolerant species: Spartina cynosuroides and Juncus roemerianus (Livingston et al., 1974). It is 
worth noting that Spartina alterniflora is a dominant species in high-salinity salt marshes 
throughout the Gulf of Mexico, however, Spartina cynosuroides is found in lower salinity and/or 
brackish areas such as the Apalachicola system (McHugh & Dighton, 2004; Parrondo et al., 
1978). Research of Spartina species has been focused around S. alterniflora, but with the 
dominance of S. cynosuroides in the Apalachicola salt marshes, a comparison between the two 
species is paramount. Schubauer and Hopkinson (1984) conducted such a study in a coastal 
marsh in Georgia and found that peak above ground biomass for S. cynosuroides was 1.6 times 
higher than for S. alterniflora. Marshes with an elevation below mean high water (MHW) are 
generally dominated by Spartina species, but marshes with a slightly higher elevation tend to be 
dominated by Juncus species (Mudd et al., 2004).  
Marsh grasses result in a slowing of the velocity and reduction in turbulence of flood 
waters, allowing increased settling of fine sediments necessary for marsh evolution (and possibly 
the marsh’s survival against SLR). To trump increasing sea levels, the elevation of the marsh 
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supplied by decomposing organic material and deposited sediments must keep up with the rate of 
SLR. Typically, a lower elevation marsh that experiences more flooding and inundation will 
receive more sediment deposition (Marion et al., 2009). Aside from abnormally high water 
levels, regular flooding from high tides will deposit sediments on the marsh platforms 
(Fagherazzi et al., 2012). Reed (1995) describes net accretion as a simple mass balance between 
inputs of deposition on the marsh surface and below ground plant production and outputs of 
erosion and below ground decomposition. 
Sediment accumulation directly affects vegetation present as different species are 
productive at different marsh platform levels, and vegetative growth directly affects the 
production of organic matter that supports organisms in the marsh (Fagherazzi et al., 2012). The 
individual components of a salt marsh are interconnected and all evolve as a cohesive unit. Salt 
marshes, especially in Apalachicola, are important habitats for many of the ecologically and 
commercially significant species in the areas for feeding and reproductive grounds. 
Understanding their complex interactions has been a research struggle for decades but is limited 
more by the ability of technological tools used to represent the physics system, rather than 
knowledge of the physical processes themselves (Livingston, 1991). 
Research covering a diverse range of topics has been conducted in the Apalachicola Bay region 
providing a strong platform that enables the exploration of alternative sediment transport 
sources. In addition to fluvial sources (tributaries and main contributing rivers), overland 
sediment transport will be explored as a contributor to the total load in the river. Chapter 3 will 
describe all relevant sampling efforts previously conducted in the Apalachicola region and 
northern Gulf of Mexico.  
30 
 
CHAPTER 3. LITERATURE REVIEW 
 Numerous studies have been conducted to develop best management practices for the 
Apalachicola system (Donoghue, 1988; Livingston, 1976, 1984). Since interactions in this 
estuary are so complicated, report results and management recommendations are often highly 
variable and evolve with each research effort. Livingston (1984) studied the estuary system and 
commented on its high complexity and the interdependence of its various components. He later 
provided a detailed management plan based on his research efforts in the region but concluded 
with the caveat that intricate interactions in the Apalachicola system, or any other for that matter, 
were still not fully understood (Livingston, 1991). Livingston and others have continued research 
in the Apalachicola region and scientific data is becoming more plentiful; however, with threats 
to the coast continually evolving, new data are continuously in demand. The following literature 
review will provide background on data collection and relevant sampling previously conducted 
in Apalachicola that this study builds from and expands upon.  
3.1 Total Suspended Solids  
Total suspended solids (TSS) quantitatively describe the amount of sediment, organics, 
and all other suspended particles in the water. TSS and turbidity can be an indicators of the 
health of the ecosystem (Liu & Huang, 2009). Apalachicola National Estuarine Research 
Reserve’s (ANERR’s) System Wide Monitoring Program (SWMP) has shown elevated TSS 
during storm events; however, abnormal water quality levels caused by storms or hurricanes 
generally lasted less than 24 hours before returning to normal (Edmiston et al., 2008a).  
31 
 
 Raney et al. (1985) conducted hourly sampling of suspended solids and turbidity for 24 
hours in September of 1983 and March of 1984 for the Mobile District Corps of Engineers. Of 
the nine locations sampled, one was located approximately five kilometers north of the mouth of 
the Apalachicola River and one was approximately three kilometers south of the river mouth. 
Hourly samples were taken for 24 hours at the top, middle, and bottom of the water column. TSS 
concentrations in the river location ranged between 4 and 25 mg/L in September and between 15 
and 28 mg/L in March. Concentrations at the bay location outside the mouth of the river ranged 
from 6 to 102 mg/L in September and between 7 and 18 mg/L in March. TSS concentrations 
were typically highest at the bottom on the water column (primarily saline Gulf water) and 
lowest on the top (river water), and did exhibit some correlation with tidal circulation (Raney et 
al., 1985).  
Water samples were collected at Sumatra (approximately 30 river kilometers north of the 
mouth of the Apalachicola River) and analyzed for TSS in 1997, 1998, and 1999 (Franklin et al., 
1998). TSS concentrations ranged between 6 and 31 mg/L, 11 and 72 mg/L, and 11 and 192 
mg/L, respectively. The purpose of these samples was to determine the water quality in the river 
system (Franklin et al., 1998). Harrington (2001) analyzed samples for TSS in the lower 80 
kilometers of the Apalachicola River and found concentrations ranging between 4 and 256 mg/L. 
This range of TSS was consistent with ranges of 8 to 121 mg/L reported by Donoghue (1988) 
from the Apalachicola River at Blountstown. Over a one year sampling period, concentrations 
averaged 26 mg/L (Donoghue, 1988). The TSS concentrations reported by Harrington (2001) 
and Donoghue (1988) were collected to evaluate trace metals and causes of fluctuations were not 
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addressed. Harrington (2001) found that it took about three days for suspended solids to travel 90 
kilometers between sampling points, averaging approximately 30 kilometers per day. 
S. Chen et al. (2011) used Moderate Resolution Imaging Spectroradiometer (MODIS) 
remote sensing to observe TSS through correlations with surface reflectance. This method of 
observing TSS should be coupled with in situ measurements as poor correlations have been 
observed (Warrick et al., 2003). A majority of the concentrations reported were compared to in 
situ turbidity measurements (based on general correlations to TSS) as opposed to a direct 
comparison to in situ TSS measurements (S. Chen et al., 2011). Areas of higher TSS 
concentrations termed ‘storm plumes’ of approximately 40 to50 kilometers were observed in the 
Apalachicola Bay and concentrations before the storm (25 mg/L) compared to concentrations 
after the storm (45 mg/L) indicated the introduction of sediments from overland runoff during 
and after the storm event.  
While turbidity cannot be directly related to TSS, the correlation is strong enough to 
consider the overall trends observed. In general, a correlation can be seen between discharge 
from the Apalachicola River and turbidity, however, this is not the case when wind mixing 
occurred (Livingston et al., 1974). Liu and Huang (2009) developed equation 3.1 to describe the 
correlation between TSS and turbidity observed during their Apalachicola Bay sediment 
transport model calibration and validation in 2009.  
 
1.861 . 3.383TSS Turb  
 (0.1) 
where TSS = total suspended solids, mg/L and Turb. = turbidity, NTU. To utilize this 




Livingston (1987) collected monthly turbidity measurements from stations throughout the 
Apalachicola Bay from 1972 through 1984 but concluded that parameters such as this were too 
variable on a short-term basis to be represented by monthly sampling. Turbidity measurements 
from the river conducted by Isphording (1985) were found to be higher in the winter and spring 
months, and Liu and Huang (2009) found a strong correlation between turbidity and increased 
surface wind speed. Elevated concentrations were found southeast of the Apalachicola River 
mouth, indicating that suspended sediments were being carried to the southeast side of 
Apalachicola Bay, depositing there and in the Gulf of Mexico, primarily through West Pass 
(Isphording, 1985). There is a respectable amount of historical turbidity data in Apalachicola, 
and collecting turbidity is a rather simple process; however, it does not describe the amount of 
organics in the water and is thus not a viable option for this research.  
While the published data on TSS provides a general overview of sediment transport in the 
Apalachicola system, it lacks specific information about what causes fluctuations in the 
concentrations and what percentage of the solids are from overland runoff. In order to 
parameterize and validate numerical models of hydrodynamics, sediment transport, and marsh 
processes, the sources of these sediments and organics must be understood. Additionally, 
forcings that cause sediment movement and affect its transport throughout the Apalachicola 




3.2 Sediment Transport 
Discharge from the Apalachicola River dominates over tidal currents on a long-term 
basis, enabling large amounts of sediment transport in the river (Donoghue, 1993). Based on 
estimates by Tanner (1961), the Apalachicola River system has delivered 4.8   105 cubic meters 
of sediment per year more than the coastal energy conditions (i.e. tides, winds, and waves) have 
had the potential to produce in the past 5,000 years. This resulted in a surplus of sediments that 
created the barrier islands and offshore shoals (Tanner, 1961). The most prominent is Bulkhead 
Shoal which extends from Cat Point to St. George Island, preventing any substantial sediment 
transport between Apalachicola Bay and St. George Sound. This natural submerged bar was 
modified in 1968 to have two portions above sea level to support a causeway (Edmiston et al., 
2008a; Kofoed & Gorsline, 1963). West Pass is the main outlet for sediments to the Gulf of 
Mexico under normal conditions (Isphording, 1985; Kofoed & Gorsline, 1963).  
Isphording (1985) performed a relatively extensive analysis on the sediment load carried 
not only by the Apalachicola River, but the Chattahoochee and Flint Rivers as well. Based on 
suspended sediment samples taken by USACE between 1951 and 1962, the sediment load 
entering Lake Seminole from its two feeding rivers was approximately 1,306,000 tons. There 
was a lack of data before the Jim Woodruff dam was constructed, but Apalachicola River’s 
annual sediment load was estimated at 1.5 million tons (Isphording, 1985). As mentioned in 
section 2.4, the dam might be controlling flow and blocking sediment which is an indication that 
TSS in the Apalachicola River may be more sensitive to rainfall events and therefore overland 
runoff than streamflow.  
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The U.S. Geological Survey (USGS) conducted another suspended sediment study for the 
USACE from 1983 to 1985 and determined the sediment load at this location on the 
Apalachicola River some 68 kilometers upstream to be 1.4 million tons. By using relationships 
of the drainage area to sediment load, Isphording (1985) again calculated the sediment load the 
Apalachicola River contributed to the Apalachicola Bay to be approximately 1.5 tons, 
concluding that the construction of the Jim Woodruff dam had no appreciable impact on the 
sediment load in the river. Reservoirs generally trap coarse sediments so it was expected that 
only finer sediments would flow through and over the spillways of the dam altering the overall 
particle size distribution traveling downstream (Isphording, 1985). Bed samples from the river 
taken by the USACE in 1959 and again in 1974 both confirm the river as having a “sand bed” 
and indicate that the fine sediments are not deposited in the river; however, USGS field 
observations in 1981 through 1983 showed that the banks of the river downstream from the Jim 
Woodruff dam were primarily composed of silt and clay size particles. This finding is consistent 
with the predictions of an alteration in particle size distributions post-dam construction 
(Isphording, 1985).  
 Included in the large volumes of sediment transported in the river, are organic matter and 
nutrients that organisms and vegetation downstream and in the bay system depend on. It has been 
suggested that this delivery is the most important contribution of the fresh water inflow in an 
estuary dominated by river flow (Howarth, 1988; Livingston, 1991). Many of the fine sediments 
(including organics) held in suspension by the river settle in the estuary where flow slows and 
becomes less turbulent, while other sediment directed toward the bay may be influenced by 
waves and currents until low energy areas are reached (Isphording, 1985). 
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 All eastern Gulf of Mexico estuaries are drowned river valleys with one exception, the 
estuary at the mouth of the Apalachicola River. This is the only river in the eastern Gulf of 
Mexico that carries enough sediment to fill and close off the estuary (Brooks, 1973) through 
settling in the bay and on the barrier island complex (Tanner, 1961). The vast majority of the 
river’s sediment load was deposited in the Apalachicola Bay in the late Quaternary and late 
Holocene periods (Donoghue, 1992). Kofoed and Gorsline (1963), Brooks (1973), and Bedosky 
(1987) all agree that Apalachicola Bay will fill and close in the next few centuries. Brooks 
(1973) believes that “the Apalachicola River is now in the final stages of the elimination of its 
estuary,” and because of the sediment influx and lack of transport away from the area, the 
estuary will close in less than 4,000 years. This conclusion assumes static sea level and stable 
climate, both of which are projected to dramatically change over the next 4,000 years (Brooks, 
1973). Donoghue and Bedosky (1985) observed through sediment cores that the fine sediments 
from the lower portion of the Apalachicola River drainage basin are rapidly depositing on the 
bottom of the bay and are responsible for the filling of the bay. 
 Donoghue and Bedosky (1985) state that sedimentation across the bay is progressing at a 
rate of 10 mm/year, while Isphording (1985) calculated a weighted average of 6.73 mm/year 
through the collection of 90 two-meter cores throughout the sounds and bays in 1983. Isphording 
(1985) determined the depositional rate in East Bay to be about 1.31 mm/year and about 2.87 
mm/year in Apalachicola Bay based off decreasing depths after comparing bathymetric charts 
from 1882 and 1984. St. George and St. Vincent Sounds have depositional rates of 17.2 and 0.37 
mm/year, respectively. The river-borne sediment was found to have a depositional rate of 2.23 
mm/year (Isphording, 1985). Donoghue and White (1995) calculated the progradation rate of the 
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distributaries to be approximately 2.2 mm/year. While estimates vary, they all agree that 
sedimentation is occurring and contributing to the bottom layer of the bay.  
 Bedosky (1987) took 12 core samples throughout the Apalachicola bay region. Many of 
the cores exhibited a mixed upper zone between 5 and 15-centimeters from wave activity and 
storm or flood events. He calculated the average rate of sedimentation for four of the cores to be 
5.7, 7.1, 4.7, and 13.1 mm/year (located in northern East Bay, southern East Bay, Big Bay, and 
middle East Bay at the mouth of the St. Marks River, respectively). The average sedimentation 
rate calculated from the core samples was 7.0 mm/yr, which Bedosky (1987) found comparable 
to a sedimentation rate of 2.6 mm/yr he calculated using digitized bathymetric data from the past 
88 years. In addition, a fluorescent tracer sand layer indicated rapid short-term sedimentation in 
East Bay and Apalachicola Bay (Bedosky, 1987).  
  Infilling of the bay will ultimately alter sediment transport because sediments will not 
travel to the Gulf and travel westward by long-shore drift (Stone & Stapor Jr., 1996). Even still, 





 of erosion, but the majority is re-deposited to the western extent of the island with 




















sediment to erosion to the northwest. This sediment travels across West Pass and settles on St. 
Vincent Island. These rates of erosion and deposition quantified by Stone and Stapor Jr. (1996) 
support the westward long-shore drift theory in this region (Couch et al., 1996), however, 
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distinct ‘transport cells’ have been identified as opposed to a singular mass westward movement 
along the coast (Stone & Stapor Jr., 1996).  
3.3 Sea Level Rise 
 Sea level rise (SLR) is an increasing threat to coastal regions. Elevated sea levels may 
cause submergence of wetlands or low-lying areas on the coast, increased erosion, increased 
salinity in estuaries, and increased damage and flooding from extreme storm events (Nicholls et 
al., 1995). Sea levels in the Gulf of Mexico were estimated to have been as much as 120 meters 
lower than present day levels (between 8,000 and 20,000 years ago), and up to 60 meters higher 
(during the Upper Miocene) than present day levels (Alt & Brooks, 1965; Donn et al., 1962; 
Donoghue, 2011). Apalachicola is a prime example of this as a paleo-delta of the Apalachicola 
River was identified approximately 20 meters offshore, 16 meters below present day MSL, 
suggesting that this historic location of the river was overstepped and drowned in past SLR 
events (Donoghue, 2011). It is estimated that the delta seen today was formed in approximately 
6,000 years (Donoghue & White, 1995). Successive beach ridges visible on St. Vincent Island 
show evidence of historically varying sea levels (Donoghue & White, 1995). Donoghue and 
White (1995) also found evidence of human occupation on the island at two distinct times 
separated by a period of inundation, or higher MSL. 
 Published works claim different SLR scenarios for both historical records and future 
predictions (Donoghue & White, 1995). To proceed with an analysis based on such varied data, 
the generally agreed upon global trends and local rates in the northern Gulf of Mexico region 
will be referenced. Donoghue and White (1995) compiled the works of Fairbanks (1989), 
Rehkemper (1969), Scholl et al. (1969), Nelson and Bray (1970), and Frazier (1974) to describe 
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SLR in the past 18,000 years. While the hindcasts of SLR differ, they all depict the same general 
trend and changes in rate of SLR through time. There are periods of accelerated rise, periods that 
appear static, and even a few cases of negative rise (i.e. falling sea level). In the past 18,000 
years sea levels have risen over 90 meters to reach present day MSL (Donoghue & White, 1995). 
 From long-term tide gage records in the past century, global SLR averages to a rate of 1.7 
+/- 0.3 mm/year (Church & White, 2006; Houston & Dean, 2011). If this rate were to remain 
steady, sea levels would only rise approximately 0.15 meters by 2100 (Houston & Dean, 2011). 
This rise is likely an under prediction because as it does not factor in any changes in the SLR 
rate. Church and White (2004) reconstructed tide gage data and calculated SLR between 1950 
and 2000 to be 1.8 +/- 0.3 mm/year, and calculated SLR to be 2.9 +/- 0.7 mm/year between 2000 
and 2004. This rate agrees with (short duration) satellite data of 2.6 +/- 0.7 mm/year (Church & 
White, 2004). Historical records show rising sea levels in the Gulf of Mexico between 20 and 
25.5 centimeters since 1870 and projects rates or SLR reach up to 10 mm/year in the northern 
Gulf of Mexico (NOAA, 2012; Orson et al., 1985).  
 SLR has been slower in the past 6,000 years compared to the previous 12,000 years, and 
many researchers believe that we are on the precipice of a global tipping point in which the rate 
of SLR would increase (Church & White, 2006). If that tipping point were to be reached, 
shorelines on the Gulf coast and other areas around the globe would be rapidly overstepped 
(Donoghue, 2011; Milliken et al., 2008). Reconstructed tide gage data from Church and White 
(2006) yield a larger rate of SLR after 1993 with an acceleration of approximately 0.013 +/- 
0.006 mm/year. Regardless of future predictions, the slower SLR seen in the past 6,000 years 
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correlates seamlessly with the belief of Donoghue and White (1995) that the present day 
Apalachicola delta was formed in the past 6,000 years.  
 Tide gage records in the northern Gulf of Mexico region show local SLR rates of 2.0 
mm/year (Donoghue, 2011). Recent observations from the Apalachicola tide gage (8728690) 
show a trend of 1.38 +/- 0.87 mm/year from 1967 to 2006 (NOAA, 2012). With the rates of SLR 
in the Gulf of Mexico exceeding the global trend, the erosion rate of the shoreline (1.8 mm/year) 
is exceeding the global average as well (Davis, 1997).  
 There has been little subsidence in the Apalachicola region over the past several thousand 
years (Milliken et al., 2008). Subsidence refers to the falling, sinking, or settling of land. When 
an area simultaneously experiences subsidence and SLR, it is termed relative sea level rise 
(RSLR). Because land and sea are moving in opposite directions, the effects of RSLR are 
typically greater than that of SLR (Donoghue, 2011). The following discussions will be based on 
SLR as opposed to RSLR due to the stable nature of the Apalachicola coast in the recent 
thousands of years (Milliken et al., 2008).  
 Predicting SLR in the coming years is a complex undertaking that accounts for changes 
in multiple large ice sheets, air temperature, CO2 levels, thermal expansion, and volcanic, solar, 
and greenhouse gases (Church & White, 2006; Donoghue, 2011; Jevrejeva et al., 2010). The 
Intergovernmental Panel on Climate Change IPCC (2007) predicts a global SLR between 18 and 
59 centimeters by 2100 (not inclusive of glacier melt). Many others have independently made 
their own predictions, and the IPCC estimate is often considered and overly conservative 
prediction (Donoghue, 2011; Pfeffer et al., 2008).  
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 Monitoring SLR in coastal regions is important as it can dramatically alter the coastal 
landscape. In Apalachicola, a system dependent on freshwater inputs and suspended solids from 
the Apalachicola River and the productivity of its coastal marshes, changes are of particular 
interest. Apalachicola marshes could potentially be at a heightened risk to damages from SLR 
because microtidal ecosystems such as this (or mixed macro/micro tidal) are likely to experience 
greater effects from small rises in sea level (Livingston, 1984). This has been seen in microtidal 
Louisiana marshes that have experienced measurable increases in duration of marsh flooding and 
noticeable wetland losses over the past few centuries (Blum & Roberts, 2009; Reed, 1995). 
3.4 Salt Marshes 
Each component of the estuarine system has its purpose, but salt marshes boast one of the 
most influential and complex roles. Studies have shown that marshes are one of the top sources, 
if not the top source, for organic matter in the system (Livingston, 1991). Primary production 
(the growth of the plants and marsh grasses) in the Apalachicola Bay system is ranked as one of 
the highest among similar systems (Lieth, 1973; Nixon, 1988), with approximately 75% of its 
annual production occurring between May and November (Mortazavi et al., 2000). 
Apalachicola’s marshes are dominated by Spartina cynosuroides and Juncus roemerianus 
(Livingston et al., 1974). Salt marshes here depend on riverine inflows to provide sediments, 
dissolved nutrients, and floodplain detritus to support the rich primary production (Reed, 1990). 
While secondary production (the survival and reproduction of animals in the system) in this 
system is influenced mostly by primary production, it is still indirectly dependent on river flow 
conditions given the dependence that primary production has on the flow conditions (Chanton & 
Lewis, 2002; Lieth, 1973). It is believed that changes in river hydrology may influence 
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secondary production because high levels of primary production depend on the dissolved 
nutrients carried by the river flow (Chanton & Lewis, 2002). 
The existence of coastal salt marshes is dictated by surrounding geomorphology, which 
can also influence its response to SLR (Reed, 1990). Marsh vegetation is highly sensitive to the 
marsh platform elevation that evolves through sedimentation and accretion. An optimal level 
between mean sea level (MSL) and mean high water (MHW) in conjunction with time spent 
inundated where plant productivity peaks has been identified, and this range varies regionally 
(Leitman et al., 1983; McKee & Patrick Jr., 1988; Morris, 1995). MHW, MSL, and mean low 
water (MLW) also vary spatially within the marsh (Hagen et al., 2012). The MLW and MHW 
water levels at the Apalachicola tide gage station are 1.449 meters and 1.767 meters, 
respectively. MSL is at 1.574 meters, and the NAVD88 datum is at 1.539 meters (NOAA, 2012). 
Factors affecting accretion in a marsh such as settling particles during tidal inundations, particle 
capture by macrophytes, and direct deposition of organic matter from above and below ground 
primary production heavily influence the level of the marsh platform (Mudd et al., 2010). Ladner 
et al. (1999) calculated accretion rates in Apalachicola marshes of 6.39 mm/year and 
subsidence/compaction rates of 3.68 mm/year, yielding a net accretion of 2.71 mm/year.  
Organic matter deposited by the Apalachicola River is an important food source for the 
inhabitants of the marsh, but below ground production, even in the presence of high 
sedimentation from the river, generates a considerable amount of organic matter in the marsh 
(Fagherazzi et al., 2012; Morris & Bowden, 1986; Nyman et al., 2006; Reed, 1990; White et al., 
1978). Below ground biomass production equals if not surpasses above ground production in 
many marsh grass species (White et al., 1978). Schubauer and Hopkinson (1984) discovered that 
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below ground production for S. cynosuroides was 1.6 times the amount of above ground 
production, and below ground live biomass was more than double the amount of above ground 
live biomass. 
By using the cohort approach developed by Morris and Bowden (1986), the percent of 
organic matter can be estimated with depth, and validated with sediment cores. Callaway et al. 
(1997) studied sediment accretion rates using sediment cores in three marshes in the northern 
Gulf of Mexico (Aransas National Wildlife Refuge, TX; San Bernard National Wildlife Refuge, 
TX; and Biloxi Bay, MS). Vertical accretion rates calculated from the cores ranged from 18 
mm/yr to 89 mm/yr. In each location, accretion rates were higher in lower marsh areas and lower 
in higher marsh areas. The data were also used to test the theory that there is a positive 
relationship between accretion rates and RSLR, but no such relationship was found (Callaway et 
al., 1997). The high accretion rates reported by Callaway et al. (1997) in these northern Gulf of 
Mexico communities compared reported accretion rates in Apalachicola (Ladner et al., 1999), 
warrants the need for a uniform testing method in various areas of the northern Gulf of Mexico 
in addition to detailed data in the area of interest. 
SLR can threaten below ground production through water logging in the platform and 
drowning of the marsh from below (Stevenson et al., 1985). Bricker-Urso et al. (1989) stated 
that even present day SLR rates are enough to drown salt marshes. It has also been shown that 
SLR can change the spatial variability of MSL and MHW that dictate areas where marsh grasses 
are productive (Hagen et al., 2012). Ultimately, sedimentation must keep up with SLR for the 
marsh to survive rising sea levels in its present form. Depending on the acceleration of the rate of 
SLR, it may assist or hinder the marsh’s ability to keep up with the rising sea level. A slight rise 
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in sea level could promote higher biomass production which increases sediment trapping and 
settling due to the increased amount of biomass slowing water flow over the marsh (Nyman et 
al., 2006; Reed, 1990). However, if the rate of SLR were to surpass the rate at which biomass 
production could promote accretion, the marsh would quickly drown. Additionally, an 
acceleration in SLR could cause the marsh platform to become water logged, drowning the roots 
and the vegetation from beneath and converting the marsh to mud flats under open water 
(McKee & Patrick Jr., 1988; Reed, 1990).  
 A study of marsh elevation in North Inlet, SC by Morris et al. (2005) concluded that the 
marsh platform has not been keeping up with the rate of SLR over the past two decades. Others 
believe that present day marshes are so firmly established because of the stable environment 
slower SLR rates in the past 6,000 years created (Donoghue, 2011). Marshes with the best 
chance of survival against SLR are those surrounding riverine systems receiving large amounts 
of sediments from the river inflow (Reed, 1990). This is an indication that Apalachicola salt 
marshes have a good chance at surviving SLR for a longer period of time. Stevenson et al. 
(1986) found higher rates of sedimentation in marshes in systems with microtidal characteristics 
much like those in Apalachicola; however, Stevenson et al. (1986) also believes that areas with 
low tidal ranges (such as Apalachicola) are more vulnerable to SLR. Increasing concerns of 
marsh loss also come from neighboring areas such as the Mississippi Delta plain that have lost 
approximately 4,000 square kilometers of wetland areas over the past century (Day et al., 2000) 
since SLR rates have experienced acceleration (Church & White, 2006). Kennish (2001) reports 
that thousands of square kilometers in the northern Gulf of Mexico have not only been lost to 
SLR, but also through submersion (i.e. RSLR), specifically in Louisiana marshes. Submersion 
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(also referred to as subsidence) usually occurs in areas that do not have a source of upstream or 
inland sediments to replace what has been washed away by higher water levels (Kennish, 2001).  
 A marsh’s ability to keep up with SLR is still unpredictable, and Morris et al. (2002) 
states that even if a marsh has demonstrated the ability to keep up with SLR in the recent past 
and near future, that there is some “critical rate” of SLR that will drown salt marshes. Others 
have reached similar conclusions, indicating that a SLR rate greater than 10 mm/year, or a rapid 
increase in the rate, would result in marsh drowning (Kirwan & Temmerman, 2009). 
Alternatively, Mudd et al. (2004) states that marsh platforms will always keep up with SLR 
regardless of the rate because the sedimentation rate of the marsh will always respond to the rate 
of SLR through increased or decreased biomass production, directly affecting the sedimentation 
rate. Morris et al. (2002) notes that “mean sea level is a moving target, and tidal marshes are 
constantly adjusting toward a new equilibrium,” it is simply a matter of how quickly they can 
adapt to the changing environment. 
3.5 Modeling 
 Numerical modeling is one of the most innovative ways to understand the complex 
interactions between hydrodynamics, morphology, and sediment transport. Hydrodynamic, 
sediment transport, and marsh models can each provide inputs for the others and the coupling of 
these physical models and feedback loops of such processes must be as seamlessly integrated as 




3.5.1 Modeling of Salt Marshes 
Modeling a salt marsh system is a complex undertaking due to the interdependent 
interactions it has with the surrounding environmental factors, dictating necessary feedbacks 
between estuary wide hydrodynamic and sedimentation models (Mudd et al., 2010; Stralberg et 
al., 2011). These feedback loops are of particular importance when predicting and assessing SLR 
scenarios because a dynamic modeling approach produces more realistic results (Stralberg et al., 
2011). Marsh models may be empirically based on statistical relationships of sediment patterns 
dictated by the topography or physically based on sediment transport and hydrodynamic 
equations (Fagherazzi et al., 2012). Proper execution involves coupling plant activities with their 
environment, namely hydrodynamics and water quality. Some models directly calculate these 
parameters (flow, sediment loads, and biological processes) in each time step, but this is a 
computationally cumbersome process. Indirectly calculating these parameters saves computation 
time by first simulating hydrodynamics and water quality and then using those outputs to 
simulate the biological processes (Fagherazzi et al., 2012).  
A model must be parameterized with boundary conditions such as an accurate digital 
elevation model (DEM), mean high and low water levels (from tides), vertical wetland accretion 
rates, distribution of wetland vegetation, and appropriate localized rates of SLR. A fully 
integrated marsh model will include primary production, elevation change, sedimentation, 
erosion, inundation, and salinity (Fagherazzi et al., 2012). Further, including feedbacks between 
the vegetation and sedimentation and erosion process provides a more realistic and dynamic 
approach (Fagherazzi et al., 2012). One specific process that is imperative to include in a salt 
marsh model is the long-term accumulation of deposited sediments during routine flooding from 
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high tides. Modern models assume that the suspension and deposition of sediments by tidal 
action and sedimentation are the main driver of sediment fluxes in marshes and that erosion is 
negligible based on results from field studies showing the reduction of wave energy by the 
vegetation and root system on the platform (Fagherazzi et al., 2012).  
 Sea Level Affecting Marshes Model (SLAMM) is a popular model used to simulate the 
evolution of major coastal processes in long-term SLR scenarios (Clough & Larson, 2010). Craft 
et al. (2009) utilized the SLAMM model (version 5) along the Georgia coast and under multiple 
SLR scenarios (between 52 and 82 centimeters) found declines in tidal freshwater and salt 
marshes (between 8 and 38 %). Geselbracht et al. (2010) implemented SLAMM in Waccasassa 
Bay, FL for SLR scenarios of 0.64, 1.0, and 2.0 meters and found losses of coastal habitats of 
69%, 83%, and 99%, respectively. Though this model was implemented on the Florida Gulf 
coast, it was noted that coastal wetland systems in the Gulf of Mexico will be unevenly affected 
by SLR, dictating the need for localized analysis (Geselbracht et al., 2010). SLAMM was 
applied in four locations (Grand Bay, MS; Jefferson Country, TX; Galveston Bay, TX; and 
Choctawhatchee Bay, FL) in the northern Gulf of Mexico to analyze a potential 1 meter of SLR. 
They estimated that 92% of tidal fresh marsh area and 94% of salt marsh areas could potentially 
be impacted by this SLR scenario. It was explicitly stated that shortcomings of the SLAMM 
model were some of the data inputs (specifically elevation data) and the lack of feedback 
mechanisms (Craft et al., 2009).  
  Morris and Bowden (1986) realized the importance of describing interactions on 
sedimentation, organic decomposition, and nutrient mineralization and did so using the computer 
model SEMIDEC (sedimentation, nutrient mineralization and decomposition). The defining 
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feature of this model is that it is a single-year cohort model describing physical, chemical, and 
biological changes in the sediment after its initial deposition, applied under a unit cm
2
 of marsh 
surface. The model allows the user to define specific rates for each process enabling the user to 
visualize the future of the marsh under any condition. The model development process revealed 
that there is a lack of data concerning production rates and below ground biomass, both of which 
heavily influence accumulation rates of organic matter (Morris & Bowden, 1986).  
 Morris et al. (2002) developed a model for North Inlet, SC to predict the sediment 
accretion of the marsh and its response to SLR. This model made assumptions such as a linear 
accretion, constant rate of SLR, and a marsh platform with zero slope, but also predicted biomass 
production. Predicting a 4.7 cm increase in the elevation of the marsh compared to a 6.8 cm rise 
in MSL, the model revealed that the marsh platform had the potential to keep up with SLR. The 
difference between the two describes a lag in the marsh’s response. The elevation of the marsh 
platform is a defining feature that dictates how often and for how long the marsh is inundated by 
tides (Morris et al., 2005). Obtaining this elevation is crucial to the modeling process and has 
been done using Airborne Data Acquisition and Registration digital camera images, Light 
Detection and Ranging (LIDAR) elevation data, and ground survey data. 
 Mudd et al. (2004) believes that while many models have effectively described the plant 
growth and sedimentation rates, they neglect spatial variations that are undoubtedly present in 
every marsh and impact marsh evolution. A model depicting these spatial variations was 
developed and proved that vegetation is denser around tidal creeks and traps more sediment thus 
increasing sediment deposition. The sediment deposition rate appeared to homogenize over the 
gently sloping portion of the marsh. The model also showed that the spatial gradient of 
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deposition decreases over time and that the spatial distribution of vegetation changes tidal 
hydrodynamics in the system (Mudd et al., 2004).  
3.5.2 Hydrodynamic Modeling 
 Hydrodynamic models can be used to describe tidal dynamics in a system. In 
Apalachicola, tidal fluctuations affect inundation time of marshes and transport sediments 
throughout the bay. The future modeling efforts of this project (sediment and marsh modeling) 
will depend on the tidal descriptions provided by the hydrodynamic model to accurately operate. 
Conner et al. (1982) used LANDSAT imagery and direct observation to develop and verify a 
river model of the Apalachicola system. Hydrodynamics were modeled using the Wang-Connor 
CAFE-1 finite element model and outputs from the CAFE-1 and the Wang-Connor DISPER-1 
finite element model were used to model water quality. The CAFE-1 model covered the 
Apalachicola Bay with 439 elements and 281 nodes. The models ran with acceptable accuracy 
generating velocities and salinity at each node, and water quality from a given pollutant load in 
the river for average monthly conditions over a twelve month period. Manning’s n did not vary 
spatially and was ultimately decided to be 0.30 (Conner et al., 1982).  
Huang et al. (1999) used the semi-implicit, finite difference Princeton Ocean Model 
(POM) developed by Blumberg and Mellor (1987) to describe the circulation in Apalachicola 
Bay. Inspecting surface elevation, velocity, salinity, and temperature yielded an accurate 
depiction of circulation. The model showed the influence that surface elevation changes in the 
bay have on tidal circulation. It also showed that flood tides converged with river flow and 
created mixing zones in the mid bay area (Huang et al., 1999). Huang and Jones (2001) applied 
the POM model to a study period in 1993 to determine the freshwater transport in the system. 
50 
 
The lower density freshwater traveled from the mouth of the Apalachicola River to the Gulf of 
Mexico on the top layer of water, while salt water traveled into the bay below. Fagherazzi et al. 
(2012) claims that including the salt wedge in hydrodynamic models is extremely important, as it 
affects the transition of salt marsh vegetation to freshwater species in marsh models. Because the 
freshwater travels on the surface, it is highly susceptible to winds. During the study period used 
by Huang and Jones (2001), wind was forced east in the summer and returned to the west in the 
fall. Huang and Foo (2002) developed a neural network model because it only required simplistic 
field observations and no iterative computations and claimed that it was much easier than 
developing hydrodynamic models.  
3.5.3 Sediment Transport Modeling 
Liu and Huang (2009) determined that surface wind was highly correlated to 
resuspending sediments and transporting sediment in the Apalachicola Bay. They coupled a 3D 
sediment transport model with the 3D hydrodynamic module in the Environmental Fluid 
Dynamics Code (EFDC) to describe the wind and tidal effects on transport (Hamrick, 1996). The 
model was validated with TSS concentrations at two stations in Apalachicola Bay. TSS 
concentration spikes were observed during two storm events in the simulation and in both cases 
TSS spikes corresponded with high wind speeds from the northeast. The maximum 
concentrations observed in the bay were 200 mg/L near Dry Bar and 100 mg/L elsewhere 
throughout the bay. Concentrations of 100 mg/L and 20 mg/L at Dry Bar and Cat Point, 
respectively, were within the acceptable TSS concentration range of 18 to 192 mg/L that 
Kraeuter et al. (2007) described for the oyster bars present there. Liu and Huang (2009) 
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concluded that resuspension was the major source of sediments during storm/wind events and it 
is also more likely in Apalachicola due to the shallow nature of the system.  
S. Chen et al. (2011) used Moderate Resolution Imaging Spectroradiometer (MODIS) 
remote sensing to observe overland runoff through correlations with surface reflectance. Storm 
plumes of approximately 40-50 kilometers were observed in the Apalachicola Bay and 
suspended solids concentrations before the storm (25 mg/L) compared to concentrations after the 
storm (45 mg/L) indicating the introduction of sediments from overland runoff during and after 
the storm (S. Chen et al., 2011). These efforts were not applied to sediment transport models but 
do present information that could serve as boundary conditions. While recent modeling efforts of 
sediment transport in Apalachicola Bay have proved to adequately represent the general 
movement of sediment in the bay, it is still new for the area and there is potential for a more 
detailed analysis.  
3.5.4 Model Coupling 
 The task of describing physical processes in an estuary and predicting its response to 
various SLR scenarios calls for the coupling of the individual models discussed in this section as 
no single model exists that can describe and predict all processes encompassed in coastal 
evolution (Hanson et al., 2003). Stralberg et al. (2011) states that existing models and 
approaches need to be combined to properly asses these systems, but admits that a practical 
implementation of such coupled models has not been reached. Some models have separate 
modules for processes (i.e. sediment or salinity transport), while other approaches incorporate 
feedback loops between separate models to couple them. 
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The proposition of including a sediment transport module in hydrodynamic models has 
materialized in recent years (Nicholson et al., 1997). Modeling of this type, termed 
morphodynamic modeling, typically describes sediment transport through empirical or semi-
empirical expressions, or by solving the time-dependent diffusion-advection equation. The latter 
is better suited for fine sediments that are stratified throughout the water column (Nicholson et 
al., 1997). Nicholson et al. (1997) compared 5 models (Danish Hydraulic Institute (DHI) model, 
Delft Hydraulics (DH) model, HR Wallingford (HR) model, Service Technique Central des 
Portes Maritimes et des Voies Navigables (STC) model, and University of Liverpool (UL) 
model) with similar structures that each contained current, wave, sediment transport, and bed 
level change modules (see Nicholson et al. (1997) for detailed model descriptions). The general 
results of model test runs were in agreement but some discrepancies were found in small details 
caused by differing wave types and their interaction with currents, geometric roughness, and 
sediment transport formulation used.  
 Kubatko et al. (2006) combined the validated two-dimensional, depth-integrated (2DDI) 
ADvanced CIRCulation (ADCIRC) model that uses the continuous Galerkin (CG) finite element 
method to solve the shallow water equations with a new sediment transport model that utilizes 
the discontinuous Galerkin (DG) method to solve the sediment continuity equation (in addition 
to utilizing other DG model components as opposed to CG). As the hydrodynamic model 
describes flow variations, it provides information to the sediment transport component, which 
then returns morphological changes back to the hydrodynamic model creating a feedback loop 
between the two (Kubatko et al., 2006). The model was validated and performed well through 
two test cases. The model also proved its competency in utilizing the DG method to solve for 
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bathymetry gradients and its ability to accurately predict morphological changes (Kubatko et al., 
2006). 
 Hydrodynamic variations also play an important role in marsh modeling because primary 
production of marsh grasses is dependent on MSL, which varies with rising sea levels (Hagen et 
al., 2012; Morris et al., 2002). Because production is so sensitive to changes in water levels, it is 
crucial to include hydrodynamics in marsh models, but these two components are not typically 
found in the same model (or model component) because each process is so complex on its own 
(de Vriend et al., 1993; Mudd et al., 2004). Many marsh models utilize a static representation of 
rising MSL by uniformly rising water levels in the model by a given value. This and other 
components of hydrodynamics are often simplified in marsh modeling, creating a wider margin 
for errors (Kirwan & Murray, 2007; Mudd et al., 2004). When attention is placed on 
hydrodynamics, other components such as vegetation impacts are often ignored (Kirwan & 
Murray, 2007). The option of using outputs from a high resolution finite element hydrodynamic 
model as inputs to a marsh model will be explored in the future of this project, allowing for a 
dynamic and highly accurate representation of rising water levels without sacrificing accuracy in 
marsh processes.  
 This literature review demonstrates the need for an in situ analysis of Apalachicola’s 
ecosystem to parameterize and validate the models in the EESLR-NGOM project. In the research 
presented herein, water samples were collected daily and at two and three hour frequencies over 
a 14-day tidal cycle. Samples were analyzed for total and volatile suspended solids and future 
work includes applying results to sediment transport and marsh models. To also support these 
models, sediment cores were collected in the Apalachicola River region and surrounding salt 
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marshes. Both areas of Apalachicola have seen little to no analysis of sediment particle size 
distribution and/or below ground analysis of biomass (resulting in marsh accretion) in the past. 
Finally, biomass samples were collected to compare against remotely sensed data for the 
Apalachicola region to characterize the spatial variance of biomass density throughout the marsh 
areas. These sampling plans have not been carried out in such detail in the Apalachicola region, 




CHAPTER 4. METHODS 
 The objective of the field data collection in Apalachicola, FL was to collect and analyze 
field data to determine sediment transport, marsh accretion, and biomass production trends in the 
river and bay system in addition to exploring methods to parameterize these spatially variant 
characteristics in numerical models. The collected data will be used for inputs and validation of 
hydrodynamic, sediment transport, and marsh modeling. Field methods were also developed to 
be used in other ecosystems to perform similar analysis. This chapter will present the locations 
and collection methods for the collected water, soil, and biomass samples, and the laboratory 
methods used to analyze them. The methods presented in this chapter have been refined and will 
be used again for collection in Grand Bay, MS, and Weeks Bay, AL and could be applied in a 
variety of ecosystems to classify the same types of trends. The data from these three diverse 
ecosystems will help build accurate numerical models to describe the physical processes in the 
northern Gulf of Mexico, ultimately building coastal management tools.  
4.1 Field Methods 
4.1.1 Sampling Design 
 Data collection was performed in Apalachicola, FL, in Franklin, Liberty, and Gulf 
counties. Samples were collected over the course of five trips: June 18 – July 2, 2011 (primary 
wet season trip); August 7 – 12, 2011; September 17 – 19, 2011; January 2 – 12, 2012; and 
March 4 – 19, 2012 (primary dry season trip) (Figure 10). The team consisted of two participants 
(one acting as team leader) and a third participant only when needed. Safety guidelines 
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developed by the CHAMPS Lab (Appendix D: Safety Guidelines) and the University of Central 
Florida were strictly adhered to (UCF, 2011).  
 Water samples were obtained at the mouth of the Apalachicola River over a two-week 
tidal cycle for both the wet and dry season. Sediment cores and one-time water samples were 
taken throughout the river and its tributaries. Analysis of the water samples for TSS and 
determining the particle size distribution of the sediment cores allowed for a classification of the 
sediment transport trends within the river and bay system. In addition, overland soil samples 
were collected for comparison against the State Soil Geographic Database (STATSGO) soil 
classification scheme and sediment cores were collected in a marsh to determine below ground 
biomass production. Two gage stations were utilized in the analysis of results: USGS streamflow 
gage 02359170 and National Ocean Service (NOS) tide gage 8728690 (Figure 11).  
 




Figure 11 Location of USGS 02359170 streamflow gage and NOS 8728690 tide gage in Apalachicola, FL 
4.1.2 Water Sample Collection 
Water samples were the primary focus of each trip, with other sampling activities 
revolving around their schedule. The water samples were schedule to reflect each stage of the 
tidal cycle. Water samples were collected using a depth-integrated water sampler designed 
specifically for this project (Figure 12a). The sampler consists of a 1-inch inner diameter, 6-foot 
long polyvinyl chloride (PVC) pipe, fitted with an extender housing and a rubber ball (Figure 
12b). The rubber ball is attached to a rope that is threaded through the sampler. Samples were 
taken primarily from a two-person kayak, but were also obtained from a motorized boat or 
motorized kayak, and by wading to the center of small tributaries. The sampler was inserted 
vertically into undisturbed water to a depth of 1.5 meters and the rope pulled taut, causing the 
ball to trap the water in the pipe (Figure 13). The water was funneled into a 1-liter bottle, and the 
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collection procedure was repeated twice more to obtain triplicate water samples at each location 
to reduce variability. Previous studies indicate that multiple samples taken at the same time and 
place will still show variations in concentration, and triplicate samples have less variability than 
duplicate samples (Howarth, 1988; Salim & Cooksley, 1981). The samples were then stored on 
ice until they were transferred to a walk-in freezer at 1°C in the analysis lab.  
Two types of water samples were collected: one-time and daily (later evolved to 
sampling every three hours) samples. One-time water samples were collected in the wet season 
at the location of each sediment core creating a snap shot of the TSS conditions at the sediment 
sampling sites (Figure 14). One-time water samples for an Eulerian based sampling mission were 
collected in the dry season during a one-day trip down the mid-section of the Apalachicola River 
on January 3, 2012. Samples were taken every five kilometers to determine the TSS patterns as 
water travels downstream (Figure 15).  
Daily water sampling began in the wet season at the mouth of the Apalachicola River 
(Figure 16). Water samples were taken once per day for twelve days (June 20 – July 1, 2011) of 
a full 14-day tidal cycle. The daily water samples were not only collected at the focus sampling 
point (TSS000), but were also collected at two of the Apalachicola River’s distributaries; the 
Little Saint Marks River (UNK05) and Saint Marks River (TSS21) (Figure 16).  
From August 8 – 11, 2011 water samples were taken at TSS000 approximately every two 
hours. From analysis of these samples, it was determined that TSS response to meteorological 
events (e.g. wind, precipitation, or tidal circulation) may not be adequately represented by one 
data point per day. Daily sampling rates were updated to a three hour frequency to include low, 
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high, flood, and ebb tides and to adequately represent TSS responses to meteorological events 
and/or the tidal cycle. 
Water samples were taken for one week on January 3 – 11, 2012, and again on March 4 – 
18, 2011 over a 14-day tidal cycle (approximately every three hours). The location and date of 
each water sample for the wet and dry seasons in 2011 and 2012 is displayed in Table 14 in 
Appendix B. The two dry season sampling schemes were planned based on historical data to take 
place during periods with distinctly different volumes of stream flow. Comparing the field data 
results from these two trips reveals the impact of streamflow volume on water quality.  
 
Figure 12 Depth-integrated water sampler (a) with ball and housing (b). Sediment sampler for 15-centimeter 




Figure 13 TSS sampling via kayak on Apalachicola River, time series from insertion of sampler (a), lowering 
sampler to depth (b), and pulling of cord to set ball (c). Water sample from kayak at TSS000 with 









Figure 15 One-time, same-day water samples along the Apalachicola River in January 2012 
 
Figure 16 Daily water sample location (TSS000, 29.73466, -84.98542) at the mouth of the Apalachicola River in 
wet season and dry season and daily sampling points UNK05 (29.74010, -84.96487) and TSS 21 




4.1.3 Sediment Sample Collection 
 Three types of sediment samples were collected in Apalachicola for three different 
analyses. Eighteen 15-centimeter (minimum) sediment cores were collected along the 
Apalachicola River and its tributaries to determine if the mean particle size of settled bed 
sediments in the river were decreasing with distance traveled downstream (Figure 17). A 
sediment core sampler was designed specifically for this task, consisting of a 3-inch diameter 
steel pipe mated to a 3-inch PVC pipe with a cap and vacuum valve on top (Figure 12c). The 
sampler was inserted in the river near the shore in low energy areas where sediments would be 
prone to settling. A vacuum pump was used to hold the core in the sampler upon extraction 
(Figure 18). The sample was removed from the sampler via gravity or air pump. The core was 
placed on a white background for measurements and photographs. The samples were then 
bagged on site and stored on ice until analysis. The sampling schedule and locations of these 








Fifteen overland soil samples were collected for comparison against the State Soil 
Geographic Database (STATSGO) soil classification scheme (Table 17) (NRCS, 2006). To test 
possible land cover misclassification (Medeiros, 2012), surface soil samples were collected in 
Apalachicola’s overland areas to ground truth STATSGO’s data set (Figure 19). Sites were 
chosen using a random point generator and represented six STATSGO soil classes. A minimum 
of four quarts of surface soil were collected with a trowel to a depth of approximately 10 
centimeters, bagged on site, and stored on ice until analysis.  
 




Figure 19 Location of overland soil samples for comparison against STATSGO soil data set taken in 




Three sediment elevation tables (SETs) were installed in the marsh to monitor the 
accretion of sediments in the marsh (Figure 20) (Boumans & Day, 1993; Morris et al., 2002). A 
SET has a permanent pipe (base pipe) driven into the ground until refusal. The portable portion 
of the SET consists of a vertical arm mounted to the base pipe and a horizontal arm extending 
from it. The horizontal arm is leveled and fixed, becoming a constant reference in space. Pins 
(typically 9) drop from the arm and rest on the surface of the marsh table. The length of each pin 
between the table and arm is precisely measured, and over time accretion on the table can be 
monitored (Boumans & Day, 1993). The SETs in the marsh are crucial when modeling marsh 
dynamics to ensure that the starting elevation of the marsh platform is correctly represented in 
the model, in addition to applying accurate marsh accretion rates (Morris & Bowden, 1986; 
White et al., 1978).  
Thirty 50-centimeter sediment cores were collected from the salt marsh on the east side 
of East Bay where the three SETs were installed (Figure 21). Ten cores were taken around each 
SET; five cores at each SET were taken in Juncus roemerianus dominant stands of marsh grass 
and five cores were taken in Spartina cynosuroides dominant stands of marsh grass (Table 20). 
Cores were taken with a 70-centimeter long, 10-centimeter diameter aluminum sampler (Figure 
22a&b). Once the sampler was inserted in the marsh (Figure 23a), a large cork screw ground 
anchor was screwed in through the middle of the core to hold the sample in place upon extraction 
(Morris & Bowden, 1986). A 1.5-meter pipe was then inserted in the marsh directly next to the 
sampler and used to break the suction between the bottom of the sample and the surrounding 
mud/soil (Figure 23b). With the suction broken the sample was removed (Figure 23c) and placed 
on a wooden board for measurements and photographs (Figure 22c). The top 50-centimeters of 
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the core were cut into 5-centimeter sections (Figure 24) and bagged on site for assessment of 
belowground biomass and organic vs. inorganic content by Professor James T. Morris at the 
University of South Carolina.  
Professor Morris and his team installed marsh organs in the marsh in 2011 to study the 
productivity of the marsh grasses at different marsh platform levels and to produce a biomass 
production curve (see Chapter 7). Three marsh organs are located in the marsh near SET2 
(Figure 21) (Morris, 2007). Marsh organs 1 and 3 contain Spartina cynosuroides and alterniflora 
and marsh organ 2 contains Juncus roemerianus Each marsh organ has 36 separate pots 
configured in 6 rows of increasing heights (Figure 25). On each trip the height and stem density 
of the marsh grass in each pot was recorded. Dead plants and pots with no new growth were also 
recorded. The data from these marsh organs will be used to create biomass curves for each 
species specific to Apalachicola and will be used to parameterize a marsh model. A full list of all 
field equipment can be found in Appendix A: Field Equipment. 
  





Figure 21 Location of 50-cm sediment cores (yellow) in salt marsh, ten cores each at SET 3 (a), SET 1 (b), and 






Figure 22 50-centimeter aluminum sediment core sampler with PVC push pole to extract samples (d). Sediment 
core sampler inserted into marsh (e), and 50-centimeter sediment core on wooden platform for 
photographs and cutting (f). 
 
Figure 23 (a) Inserting core sampler, (b) breaking suction with 1.5-meter pole, and (c) extracting sampler with 
core 
 










4.1.4 Biomass Collection 
 Biomass samples were collected from semi-random points generated in ArcGIS version 
10 within the marsh surrounding East Bay and Apalachicola Bay. A minimum spacing of 15 
meters was selected to correlate with resolution of remotely sensed data (Figure 26). This 
spacing was chosen to ensure that collected samples would represent different classes of biomass 
as classified by the remotely sensed data (15 meters being the finest resolution obtained). 
 Samples were taken in a variety of vegetation densities (Figure 27) and were conducted 
in September 2011 in the interest of harvesting during peak biomass (Kirby & Gosselink, 1976). 
Sample points were navigated to within 0.3 meter accuracy of the geographic coordinates 
utilizing a Garmin GPSMAP 78 handheld GPS. Once on site, a 25-centimeter by 25-centimeter 
PVC square was placed on the ground at the GPS waypoint. Vegetation whose stems fell within 
the square at the marsh platform were included and vegetation whose roots fell outside the 
square were excluded (Figure 28a). If the vegetation was so dense that it prohibited the 
movement of the square to the ground, one side of the square was removed to enable access form 
one side. The average height and species of the biomass was recorded. Tall vegetation was tied 
together with a string to prevent loss and for the ease of transport (Figure 28b). Biomass was 
harvested to the root using clippers (Figure 28c) leaving no above ground vegetation in the 
square (Figure 28d). Harvested biomass samples were bagged in large plastic bags on site and 
left open to air dry until transport to the laboratory. A second and third sample were taken at 
each site by navigating with a compass 4.5-meters north and 4.5 meters east of the original 
waypoint and repeating the harvesting procedure. It was noted if the north or east sample fell in a 









Figure 27 Different densities of biomass samples (a-d) 
 
Figure 28 Biomass sampling: (a) 0.25 x 0.25 meter square in random location delineating included above ground 
biomass, (b) tying biomass sample with string, (c) harvesting above ground biomass in PVC square, 
and (d) square after above ground harvesting 
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4.2 Laboratory Methods 
4.2.1 Water Sample Analysis 
Water samples were analyzed for total suspended solids (TSS) per the Standard Methods 
for the Examination of Water and Wastewater Method 2450 D and volatile suspended solids 
(VSS) and fixed suspended solids (FSS) per Standard Methods for the Examination of Water and 
Wastewater Method Standard 2450 E (American Public Health Association, 1995). Samples 
were stored at 1°C until analysis. Glass microfibre 934-AH filters were placed in crucibles and 
ignited in a furnace at 550°C to a constant weight before filtering. To meet minimum dried 
residue weight, water samples of approximately one liter were mixed well by hand shaking and 
filtered through the pre-prepared filters. Every eighth sample was tested in duplicate to ensure 
that the testing apparatus and method performed correctly. Duplicates were created by dividing 
the well mixed one liter sample in half between two graduated cylinders. The sample and its 
duplicate were filtered through the same apparatus, and the remainder of the analysis process 
was carried out as if these were two separate samples. The duplicate samples were compared to 
ensure results were within an acceptable variance. Samples were then dried at 105°C to a 
constant weight to determine TSS.  
TSS was calculated by taking the difference of the crucible and filter weight from the 













where A = weight of crucible + filter + dried residue, g; B = weight of crucible + filter, g; and SV 
= sample volume, mL.  
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Samples were ashed to a constant weight in a furnace at 550°C. The solids left on the 
filter are the FSS in the sample and the weight burned while ashing is the VSS, or organic 













where A = weight of crucible + filter + residue, g, before ignition; B = weight of crucible + filter 














where C = weight of crucible + filter, g (American Public Health Association, 1995). The results 
from these analyses will be presented in Chapter 5.  
4.2.2 Sediment Analysis 
Particle distribution for the soil samples were determined by performing a sieve analysis 
according to ASTM Standard C136-06 (ASTM, 2006) and a hydrometer analysis was performed 
for the bed sediment samples according to ASTM Standard D422-07 (ASTM, 2007). Samples 
were oven dried to a constant weight at 105°C to remove all moisture before sieving. Samples 
were gently ground using a mortar and pestle to separate clumps of particles. The samples were 
then weighed and sieved using a stack containing sieve #4 (4.750 mm), #10 (2.000 mm), #20 
(0.850 mm), #40 (0.425 mm), #60 (0.250 mm), #100 (0.150 mm), and #200 (0.075 mm). The 
sieve stack was mechanically shaken for ten minutes and each sieve was weighed to obtain the 
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weight retained on each sieve. An error of less than 4% between the starting and final weight of 
the samples was required for acceptance. Percent retained (Rn) was calculated using: 




   (4.4) 
where Wn = mass of soil retained on each sieve, g and W = total weight, g. Cumulative percent 









   (4.5) 
where ∑Wn = cumulative weight, g. Percent passing (%FINERF) is calculated by: 
 % 100%F nFINER R   (4.6) 
The sediment retained in the pan (minimum of 50 grams) was stored for a hydrometer analysis. 
If the weight on the pan did not meet the 50 g requirement the particles retained on the #200 
sieve were stored for hydrometer analysis as well (ASTM, 2006).  
The hydrometer analysis was performed to determine the distribution of fine particle 
sizes. A dispersing agent of 4% sodium hexametaphosphate and a graduated cylinder with 1,000 
mL of distilled (DI) water was prepared to perform temperature readings. Each sample had a 
dedicated ASTM-152H hydrometer and two 1,000 mL graduated cylinders. The first graduated 
cylinder contained 875 mL of DI water and 125 mL of dispersing agent for hydrometer cleaning 
and storage. The hydrometer was placed in this graduated cylinder to obtain the meniscus 
correction (Fm
1
) and zero correction (Fz
2
). 50 grams of dry soil sample was added to 125 mL of 
dispersing agent in a mixing cup. DI water was added to fill to the mixing cup one-third full. The 
                                                 
1
 The meniscus correction is the difference between the top of the meniscus and the solution line in the graduated 
cylinder. 
2
 The zero correction is the reading at the top of the meniscus on the hydrometer stem; readings less than zero are 
recorded as negative (-) and readings more than zero are recorded as positive (+). 
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solution was then mixed for five minutes with a mechanical mixer. The solution was poured into 
the second graduated cylinder and filled to 1,000 mL with DI water. A No. 12 stopper was used 
to seal the graduated cylinder and the contents of the cylinder were well mixed by inverting the 
cylinder 30 times in one minute. Upon removing the stopper, the hydrometer was immediately 
inserted and readings were taken at 0.25, 0.5, 1, 2, 4, 8, 16, 30, 45, 90, 120, 180, 240, 360, 480, 
720, and 1440 minutes, or until a reading representing a grain size of 0.001 mm was reached to 
enable classification of samples utilizing a textural triangle. After each reading, the hydrometer 
was removed and stored in the first cylinder, after spinning clean. A temperature reading was 
taken from the graduated cylinder with 1,000 mL of DI water at each hydrometer reading. 
Corrections were calculated as follows; temperature correction (FT): 
 0.25 4.85TF T   (4.7) 
where T = temperature, °C; finer correction (RCP): 
 CP T ZR R F F    (4.8) 
where R = hydrometer reading; and length correction (RCL): 
 CL mR R F   (4.9) 











where % FINERF is the percent finer specific to the fine sample.   
79 
 
The percent finer adjusted to the total (% FINERT) is calculated by: 
  








where the percent passing No. 200 Sieve is obtained from the results of the sample’s sieve 





   (4.12) 
where D = soil particle diameter, mm; A = 0.0132, constant from Table 24; L = variation of L 
with hydrometer reading, cm, obtained from Table 25; and T = time, min (ASTM, 2007). The 
percentage of sand (2.000 mm – 0.050 mm), silt (0.050 mm – 0.002 mm), and clay (< 0.002 mm) 
in each sample was used in conjunction with a soil textural triangle (Figure 29) to classify each 
sample (Di-Mauro, 2001). The results from these analyses will be presented in Chapter 6. 
 




 The 50-centimeter sediment cores collected in the salt marsh were analyzed for percent 
organic matter. Each 5-centimeter section was placed in a paper bag and dried at 45°C for a 
minimum of three weeks. Each sample was ground with a pestle and dried in pre-weighed 
crucibles. The samples were dried at 45°C overnight before entering the muffle furnace. The 
oven dried weight of each sample was recorded. Organics in the samples were burned off in a 
muffle furnace at 400°C for 4 – 5 hours. The remaining sediments were weighed. The percent of 






   (4.13) 
Where OM = percent organic matter (by weight), WD = oven dried weight, g, and WB = weight 
after burn in muffle furnace, g. 
4.3.3 Biomass Analysis 
 Biomass samples were washed to remove sediments and air dried. Each sample was 
separated by species and dried to a constant weight at 105°C. The biomass density (BD) for each 
species in the sample was calculated by: 
 
0.0625
BWBD   (4.14) 
where WB = weight of the dried biomass sample, g and 0.0625 = conversion specific to a 0.25 
meter square. The densities of the species were combined using a weighted average to obtain the 
total density for the sample. The results of these analyses will be presented in Chapter 7.  
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CHAPTER 5. WATER SAMPLING 
5.1 Water Sample Results  
During 2011 and 2012, 431 water samples were collected in the Apalachicola River. 
Frequencies ranged from one-time and daily samples to sampling on a two or three hour basis. 
These samples were collected using the methods and equipment described in section 4.1.2 and 
analyzed for TSS, FSS, and VSS per the methods discussed in section 4.2.1.  
5.1.1 Wet Season 
Sampling in the wet season was conducted from June 18 – July 1, 2011. Daily samples 
were taken at the mouth of the Apalachicola River at site TSS000 (Figure 16) for twelve 
consecutive days (Table 1) to obtain a general representation of the 14-day tidal cycle; rain 
events were frequent in the last 7 days. Minimum and maximum daily TSS concentrations were 
6.7 mg/L to 158.4 mg/L, respectively, while concentrations generally fluctuated between 20 
mg/L and 45 mg/L. The base level concentrations
3
 observed in this data set was higher than any 
other observed during this sampling campaign. This set of data also contained the highest TSS 
concentration from all of the sampling missions.  
 Daily samples for the June time period were also collected at the mouth of two 
Apalachicola River distributaries, the Little Saint Marks (UNK05) and Saint Marks Rivers 
(TSS21). UNK05 is located between the TSS000 and TSS21 (Figure 16). The TSS 
concentrations from both of these sample sites were usually lower than the respective TSS 
concentration in the Apalachicola River on that day (Table 2); however, there were several days 
                                                 
3
 Base level concentration range for each sampling period represented a range of TSS concentrations where 
concentrations appeared stable when undisturbed by any forcings.  
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that the concentrations at both the distributary locations exceeded that of the main river location. 
Both distributaries exhibited similar TSS concentration fluctuations, which generally followed 
daily observations at the main river. UNK05 closely resembled the daily TSS concentration trend 
of TSS000 while TSS21 had more variability.  
Table 1 Wet season daily TSS concentrations from mouth of Apalachicola River at TSS000 (29.73466, -
84.98542) 
TSS000 
Date Time (Local EST) TSS (mg/L) 
6/20/2011 9:45 27.3 
6/21/2011 16:25 21.3 
6/22/2011 14:44 31.3 
6/23/2011 9:40 24.0 
6/24/2011 8:19 6.7 
6/25/2011 15:05 92.7 
6/26/2011 7:46 24.0 
6/27/2011 9:53 24.0 
6/28/2011 8:26 44.0 
6/29/2011 13:08 28.0 
6/30/2011 8:01 50.0 





Table 2 Daily TSS concentrations at the Little Saint Marks (UNK05, 29.74010, -84.96487) and Saint Marks 
(TSS21, 29.74713, -84.94602) Rivers during wet season sampling period in June 201l 
  UNK05 TSS21 
Date Time (Local EST) TSS (mg/L) Time (Local EST) TSS (mg/L) 
6/20/2011 10:26 44.0 10:40 55.3 
6/21/2011 15:15 28.7 15:45 36.0 
6/22/2011 15:08 32.7 15:28 39.3 
6/23/2011 10:20 16.0 10:47 10.7 
6/24/2011 9:02 48.7 9:41 18.7 
6/25/2011 15:34 39.3 16:04 16.7 
6/26/2011 8:12 16.7 8:39 18.0 
6/27/2011 9:26 24.0 10:20 38.7 
6/28/2011 8:51 42.0 9:13 23.3 
6/29/2011 13:36 11.3 14:01 25.3 
6/30/2011 8:28 13.3 8:53 18.0 
7/1/2011 10:25 17.3 10:35 13.3 
 
Water samples were collected in August 2011 during rain events at TSS000 when safety 
requirements were met. These samples during the rain events taken approximately every two 
hours proved to be valuable in showing the response time of the TSS concentrations to 
precipitation events, and their rapid return to their base level concentration (Table 3). While the 
concentrations here are much lower than those observed in June 2011, they reveal important 
information about TSS behaviors in the river. The baseline TSS concentration level of this data 




, there are two spikes in the 
concentration to 23.6 mg/L and 12.4 mg/L, respectively. More important is the behavior of the 
TSS concentration levels after these spikes. On both days, the TSS concentration rapidly drops 
and returns to the base level concentration range in eight to ten hours. This revealed a deficiency 
in the daily sampling regiment. Local rainfall events such as those that occurred during sampling 
in August 2011 might not be captured in a daily sampling regiment due to the TSS 
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concentration’s rapid return to its baseline levels in less than half a day. This discovery led to the 
restructuring of the daily sampling regiment to sampling approximately every three hours to 
ensure that TSS concentration changes due to local precipitation, wind, and tidal events would be 
captured. In addition, this provided the opportunity to obtain data at each phase of the tidal cycle 
since the mouth of the river has a heavy tidal influence due to its open connection with 
Apalachicola Bay.  
Table 3 TSS concentrations at TSS000 in August 2011 (sampling approximately every two hours) 
TSS000 
Date Time (Local EST) TSS (mg/L) 
8/8/2011 6:50 15.6 
8/8/2011 19:20 10.0 
8/9/2011 6:50 8.0 
8/9/2011 11:05 23.6 
8/9/2011 13:00 20.8 
8/9/2011 15:01 9.6 
8/9/2011 17:05 5.6 
8/9/2011 19:04 6.0 
8/10/2011 7:00 12.4 
8/10/2011 15:20 10.8 
8/10/2011 17:01 8.0 
8/10/2011 18:52 6.0 
8/11/2011 7:01 8.0 





5.1.2 Dry Season 
 Sampling every three hours was carried out for one week in January of 2012. The base 
level TSS concentration consistently ranges between 5 mg/L and 12 mg/L (Table 4). A TSS 
concentration spike of nearly 32 mg/L occurred January 4
th
. Several planned samples were 
missed, primarily the day of January 6
th




 due to fog cover 
limiting visibility on the river and rendering conditions unsafe for sampling. The other primary 
goal of the January 2012 trip was to travel downstream on the Apalachicola River and take water 
samples every five kilometers (Figure 15 in Chapter 4) in an Eulerian manner. The first sample, 
TSS150 (30.09173, -85.12652), was taken in a tributary at and had the highest TSS concentration 
taken that day of 19.06 mg/L. From the hypothesis that overland runoff (from storm events) may 
contribute more TSS to the river than streamflow, it would be expected that tributaries would 
have high TSS concentrations. This is the first place that sediment and other suspended particles 
from overland flow enter the river and have little time to settle out. Samples at TSS 151 through 
TSS 158 were taken on the Apalachicola River starting approximately 55 kilometers upstream 
from the river’s mouth and ending approximately 25 kilometers upstream from the river’s mouth. 
TSS concentrations steadily decrease from 11.99 mg/L at TSS 151 to 9.02 mg/L at TSS156 
(Figure 30). This decrease in TSS concentration supports the hypothesis that the river is more 
sensitive to rainfall than streamflow influences on TSS concentration. TSS concentrations begin 
increasing at TSS 157 (11.41 mg/L) and TSS 158 (13.1 mg/L). These two samples are located 
within the tidally influenced zone of the river (up to 40 river kilometers upstream of the river’s 
















1/4/2012 9:11 6.6 1.88 1.4 
1/4/2012 12:14 9.4 1.93 1.3 
1/4/2012 15:11 31.8 6.36 5.4 
1/5/2012 7:47 10.1 2.57 1.1 
1/5/2012 9:59 6.5 1.65 5.0 
1/5/2012 13:04 5.7 2.04 10.7 
1/7/2012 8:39 11.0 3.86 1.2 
1/7/2012 11:27 9.7 1.61 4.2 
1/7/2012 14:26 11.7 1.77 4.7 
1/7/2012 17:32 9.8 5.78 1.1 
1/8/2012 12:00 9.6 1.34 5.8 
1/8/2012 14:55 6.7 1.38 4.8 
1/9/2012 15:27 7.4 1.13 3.1 
1/10/2012 7:57 9.2 2.13 4.4 
1/10/2012 11:54 9.5 1.29 8.0 
1/11/2012 8:39 12.1 15.5 9.3 
 




, 2012 on the Apalachicola 
River, capturing a 14-day dry season tidal cycle (Table 5). These samples were taken 
approximately every three hours at TSS000. The base level concentration ranged between 5 




 had elevated 































3/5/2012 8:26 18.0 0.09 4.3 3/13/2012 16:11 7.0 0.05 10.0 
3/6/2012 9:06 18.0 0.3 8.9 3/14/2012 8:04 9.7 0.06 1.1 
3/6/2012 17:06 10.2 0.08 6.4 3/14/2012 12:17 6.4 0.06 4.6 
3/7/2012 7:13 17.4 0.05 7.2 3/14/2012 13:57 6.7 0.09 8.1 
3/7/2012 15:38 6.5 0.05 7.4 3/14/2012 17:00 7.8 0.32 3.2 
3/8/2012 7:03 13.2 0.05 5.9 3/15/2012 10:00 7.5 0.06 1.9 
3/8/2012 12:55 7.6 0.05 7.3 3/15/2012 12:50 6.2 0.05 5.8 
3/8/2012 15:53 9.0 0.07 4.7 3/15/2012 15:51 7.2 0.05 5.4 
3/9/2012 7:28 10.4 0.05 0.0 3/16/2012 8:11 12.3 0.07 1.6 
3/9/2012 10:25 20.3 0.05 2.2 3/16/2012 11:01 5.9 0.06 6.4 
3/9/2012 13:28 10.0 0.05 5.9 3/16/2012 15:00 6.7 0.06 6.2 
3/9/2012 16:11 5.8 0.06 3.8 3/16/2012 17:54 6.1 0.06 3.6 
3/10/2012 8:11 6.7 0.06 8.5 3/17/2012 8:03 7.9 0.05 1.5 
3/11/2012 7:55 8.9 0.05 7.7 3/17/2012 11:28 5.8 0.07 5.3 
3/11/2012 18:05 8.2 0.05 9.7 3/17/2012 14:59 7.3 0.19 6.8 
3/12/2012 8:33 6.0 0.05 9.7 3/17/2012 17:25 5.9 0.08 1.9 
3/12/2012 15:56 7.1 0.11 7.8 3/18/2012 11:57 5.3 0.05 5.3 
3/12/2012 18:25 7.2 0.06 6.4 3/18/2012 15:27 10.1 0.2 5.3 
3/13/2012 9:58 6.6 0.06 4.4 3/18/2012 17:56 7.7 0.32 7.3 
3/13/2012 13:27 7.8 0.07 7.3           
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5.1.3 Organic Fractions 
Organic matter (or volatile suspended solids, VSS) and other nutrients make up a portion 
of the TSS transported downstream that organisms and vegetation downstream and in the bay 
system depend on. It has been suggested that this delivery of VSS is the most important 
contribution of the fresh water inflow in an estuary dominated by river flow (Livingston, 1991). 
Because marsh vegetation depends heavily on the nutrients delivered in these organics 
(Livingston, 1984; Morris, 1995), quantifying the amount of organics transported downstream 
and available to the marsh is an important step in developing the marsh model.  
The dry season samples were analyzed for their organic content (January 4 - 11 and 
March 5 - 18, 2012). In January 2012 organics composed, on average, 40% of the total 
suspended solids in the samples. Distinct trends in organic content were observed with minimum 
and maximum organic fractions of 10% and 63% (Figure 31). More importantly, distinct trends 
in the organic content of the samples can be observed. There is a sharp increase in organic 
content on the 7
th
 and the elevated level of organic content in the samples remained at this high 
level for the next two and a half days (Figure 31). On the 10
th
, the organic content returned to the 
same levels as before the spike on the 7
th
. The VSS trend compared to the TSS trend for the 
January data set was erratic. Three TSS concentrations increase on the 4
th
, while the three 
corresponding VSS concentrations decreased. The four VSS concentrations on the 8
th
 steadily 
increased, however the TSS concentrations did not show a distinct trend. The period of 




 compared to a period of TSS concentrations 
that were within the base level TSS concentration range. Here, the VSS exhibits a very slight 
90 
 




The organic content of the March 2012 data is more consistent than that of the January 
2102 data. On average, the organics composed 29% of the TSS concentration, with minimum 
and maximum concentrations of 19% and 40% (Figure 32). The March data exhibits a consistent 




, after which the fraction dropped slightly. 
Interestingly, the organic fraction shows the opposite trend that was observed in the TSS in Table 






, 2012. In the 
March 2012 sampling period, higher TSS concentrations were observed in the first five days and 
the concentrations in the remaining days fell within the base level concentration range: however, 






, the VSS was lowest and decreasing when the TSS was 
highest and increasing, and vice versa.  
The organic content in these samples are from various sources, but it is likely that a large 
portion of the organics are decomposing plant material that has been carried in overland flow to 





Figure 31 Organic fraction (%) of January 2012 water samples taken at TSS000 in the Apalachicola River, FL 
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5.2 Streamflow Influences 
River discharge and gage height were obtained from USGS gage station 02359170 
(USGS, 2012). The gage station is located near Sumatra approximately 32 river kilometers north 
of TSS000 (Figure 11). River discharge was consistently between 4,700 cfs and 9,500 cfs from 
June 2011 through January 2012. In late January/early February 2012 and March 2012, there are 
two large peaks in the discharge of approximately 26,000 cfs and 27,700 cfs, respectively 
(Figure 33).  
 
Figure 33 Discharge (black) in cfs and gage height (blue) in feet at USGS 02359170 gage station on the 
Apalachicola River, FL from June 2011 through March 2012 (USGS, 2012) 
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 Plotting the observed TSS concentrations against streamflow enables a comparison of 
streamflow influence on concentrations during different sampling periods (Figure 34). 
Streamflow averaged approximately 5,800 cfs during the June/July 2011 sampling period and 
did not exhibit any large fluctuations. Average streamflow for the August 2011 period was 
approximately 6,450 cfs and did not have significant fluctuations. Streamflow averaged 
approximately 6,700 cfs in the January 2012 sample period, and exhibited fluctuations between 
5,750 cfs and 7,100 cfs. The March 2012 sampling period occurred during a period with highly 
elevated streamflows that averaged approximately 25,300 cfs and ranged between 21,400 cfs and 
27,700 cfs. These elevated streamflows result from increased precipitation and annual snowmelt 
from the ACF basin. The general trend in the TSS concentrations between all the sampling 
periods is similar except for the June/July 2011 sampling period. The June/July sampling period 
is the only one that shows significantly high levels of TSS, however, the streamflow conditions 
are similar to that of the August 2011 and January 2012 sampling periods in which the TSS 
concentrations remained fairly constant.  
 The two dry season sampling missions were planned based on historical streamflow data 
to specifically analyze the impact various streamflow volumes have on TSS concentrations. The 
dry season was chosen for this comparison to eliminate input from precipitation events. This goal 
was achieved since only one day (March 16, 2012) from both sampling missions received a 
notable amount of rainfall (Figure 42). As previously noted, the January 2012 sampling period 
had streamflow trends similar to the 2011 sampling periods, while the March 2012 sampling 
period had extremely high streamflows. Investigating streamflow plotted against TSS 
concentrations (Figure 35) for the two time periods revealed that the base level concentrations 
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are similar with only small spikes in concentrations observed (note the change in the y-axis scale 
for the TSS concentrations from Figure 34). There is a lag time of approximately one day 
between the gage location and sample location; however, comparing the TSS concentrations to 
streamflows delayed by one day reveal the same results (Bedosky, 1987). Despite the March 
2012 sampling period having significantly higher flows than the January 2012 sampling period, 
the TSS concentrations show similar trends. 
 
Figure 34 TSS concentrations at TSS000 from June 2011 through March 2012 against streamflow from the 



















































Identifying the impact streamflow has on TSS concentrations is imperative because 
streamflow influence suggests that conditions upstream (e.g. dam activities, precipitation events, 
waste water discharges, and suspended sediments from the Chattahoochee and Flint Rivers) had 
a major impact on sampled concentrations. From the two sampling missions in the 2012 dry 
season, there appears to be little, if any, effect on TSS concentration from streamflow. This 
suggests that local (as opposed to regional) precipitation events, tides, and winds, have more 
influence on the TSS concentration than streamflow. Streamflow and suspended sediments at the 
beginning of the Apalachicola River are controlled by the Jim Woodruff Dam. The source for the 
sediments observed in these water samples may be more indicative of overland runoff from 
storm events rather than streamflow.  
 
Figure 35 Dry season TSS concentrations at TSS000 against streamflow from the USGS 02359170 gage station in 





















































5.3 Precipitation Influences 
Precipitation data was obtained from three different sources for comparison. Daily 
observed rainfall was obtained from the Apalachicola Municipal Airport precipitation gage 
(Figure 36) for each of the sampling periods (NWS, 2012b). There was no rainfall during the 
March 2012 sampling period recorded at this gage. Rainfall data are recorded on 15-minute 
intervals at the NERR’s East Bay precipitation gage (Figure 36) and was totaled into daily 
rainfall data for this analysis as the 15-minute data are not comparable to the other daily data sets 
(NERR, 2012). This gage was not functional during the January 2012 period, and no rainfall was 
recorded for the March 2012 sampling period. The airport precipitation gage is approximately 
five kilometers from TSS000 while the East Bay precipitation gage is approximately twelve 
kilometers away.   
Regional precipitation data were obtained from the National Weather Service (NWS) for 
days that experienced precipitation events only (NWS, 2012a). The regional precipitation data 
are quality controlled, multi-sensor data and are created by combining radar, precipitation gage, 
and satellite data. The resolution of the data is approximately 4 kilometers. Hourly precipitation 
estimates from NEXRAD (Next-Generation Radar; which may also be referred to by its 
technical name: Weather Surveillance Radar, 1988 Doppler, WSR-88D) are compared to rainfall 
gages on the ground and a bias (correction factor) is applied to the field. Satellite precipitation 
estimates are used in areas where there is limited or no radar coverage and also uses a bias. A 24-
hour precipitation estimate is used for each cell (NWS, 2012a). The compilation of these data 
sources provides a redundancy and counters the negative effects of missing data. These data will 
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give a regional look at the precipitation events while the two precipitation gages will provide 
local information.  
The daily rainfall data for the June/July sampling period from both gages are displayed in 
Figure 37 and regional daily data are displayed in Figure 40 and Figure 41. The recorded rainfall 
data between the two gages are dissimilar, however, since they are over seven kilometers apart, it 
is expected that rainfall at each location would vary. By comparing data at the precipitation 
gages (Figure 37) to the daily regional data (Figure 40 and Figure 41), a better idea of the daily 
trends can be formulated. 
 








. Rain was reported 
at the Apalachicola gage on the 23
rd
 but not from the other two data sources. Both precipitation 
gages reported a small amount of rain on the 24
th
 but the regional precipitation data did not. Data 
reported at the local precipitation gages and not on the regional data indicate small localized 
storm events. The regional precipitation data show precipitation events on the remainder of the 
sampling days in the sample period beginning with the 25
th
 (Figure 40). While neither 
precipitation gage recorded rain on the 25
th
, the regional precipitation data show heavy rainfall 
15 – 30 kilometers north of the sampling location. The first spike in TSS concentration was also 
observed on the 25
th
 (Figure 37). It is possible that runoff from this storm carried overland 
sediments into the river and downstream to the sampling point; however, it is difficult to 
conclusively determine if this is the cause of the TSS concentration spike when using daily-
averages precipitation data. More frequent TSS observations would allow for a more detailed and 
conclusive analysis.  
The Apalachicola precipitation gage recorded approximately 25 millimeters of rain on the 
26
th
 (approximately 16 millimeters on the 27
th
) while the East Bay gage only recorded 
approximately eight millimeters on the 27
th
 (Figure 37). The regional precipitation data agree 
with the East Bay precipitation gage in that it only shows precipitation in the northern reaches of 
the basin. TSS concentrations were steady within the base level range. Both precipitation gages 
recorded rainfall for the 28
th
, with the Easy Bay gage recording about 20 millimeters and the 
Apalachicola gage recording less than five millimeters (Figure 37). The regional precipitation 
data show heavy rainfall in the mid-basin area. This rainfall event supports the slightly elevated 
TSS concentration observed on the 28
th
 (Figure 37). This elevation could also potentially 
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, reaching the sample point two days later. Bedosky (1987) determined that suspended solids 
in the river travel approximately 30.5 kilometers per day which supports the suggestion that 




 (approximately 65 kilometers upstream from 
the sampling point) were observed at the mouth of the river two days later.  




 was reported by the regional 
precipitation data (Figure 41). Light precipitation was recorded in the northern portion of the 
basin on the 30
th
. The precipitation gages essentially report the opposite trends, reinforcing the 
importance of consulting multiple data sets to ensure that a localized event over one gage does 
not skew interpretation of results. Based on the heavy precipitation in the mid basin area on the 
29
th
 with no response in TSS concentration, virtually no rainfall in the basin on the 30
th
, and a 
slightly higher TSS concentration on the 30
th
, it is evident that there are other forcings 
responsible for the trends observed in TSS concentrations. However, a highly localized 
precipitation event, as was observed in the regional precipitation data on the 1st directly over the 
sample location (Figure 41), may influence TSS concentrations. This was the only heavy rainfall 
event recorded within ten kilometers of the sample location over all the sampling periods and it 
corresponds with the highest TSS concentration observed over all the sampling periods (Figure 
37). Local precipitation events seem to have more influence on the TSS concentrations at 
TSS000 as opposed to regional events, an observation that occurs again in the remaining 




Figure 37 Apalachicola Municipal Airport precipitation (top), East Bay precipitation (middle), and observed TSS 
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Examining the August 2011 sampling period, rainfall was recorded on the 8
th
 at both 
precipitation gages (Figure 38), however the regional precipitation data show little rainfall 
anywhere within the basin (Figure 42). The Apalachicola gage recorded over 18 millimeters of 
precipitation on the 9
th
 while the East Bay gage recorded less than eight millimeters (Figure 38). 
The regional precipitation data reported light rain directly over and around the sampling point 
(Figure 42). As noted for the June/July sampling period, rain directly over and within a ten 
kilometer radius seems to have a repeatable effect on TSS concentrations. Consulting the TSS 
concentrations observed in the six samples taken on the 9
th
 (Figure 38), the first sample was 
within the base level concentration range while the second dramatically increased to 
approximately 24 mg/L (from less than 10 mg/L). The next three samples steadily decreased 
back to the base level concentration. While it is only speculation (due to the daily frequency of 
the precipitation data), it appears that the TSS concentrations are responding to the light rainfall 
event that occurred directly over and in close proximity to the sampling point, and quickly 
returning to normal conditions once the event passed. The exact same trend was observed on the 
10
th
 where the regional precipitation data showed light rainfall over and near the sampling point 
(Figure 42) and the TSS concentrations responded in the same way (Figure 38). Neither 
precipitation gage recorded data on the 10
th
, but both recorded over five millimeters on the 11
th
 
(Figure 38). The regional precipitation data were lacking on the 11
th
, but did not show significant 




Figure 38 Apalachicola Municipal Airport precipitation (top), East Bay precipitation (middle), and observed TSS 
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Of course, precipitation events in the dry season were rare. Beginning with the January 
2012 sampling period, the Apalachicola precipitation gage recorded less than nine millimeters of 




 (Figure 39). Note that the East Bay precipitation gage was not 
functioning during the January sampling period so there is no data from this gage for this period. 
There are also no regional precipitation data for the January sampling period due to little or no 
rain. Fluctuations in TSS concentrations are observed even in the absence of rain, specifically on 
the 4
th
 (Figure 39). This is strong evidence that precipitation is not the main driver of fluctuations 




 at the Apalachicola gage, 
there is only a slight elevation in TSS concentration over those days that is likely caused by some 
other component in the system.  
Neither precipitation gage recorded data for the March 2012 sampling period and the 
regional precipitation only showed rainfall on the 16
th
 (Figure 42). TSS concentration elevated 
on the 16
th
, but it is unlikely that the precipitation event captured in the regional data caused this 
spike because the event occurred in the northern portion of the basin and suspended sediments 
from this storm would not have had time to travel the distance to the sampling point. TSS 
concentrations for this period show the majority of fluctuations on the first five days, where no 
rainfall data was recorded, suggesting again, that other physical mechanisms were responsible 




Figure 39 Apalachicola Municipal Airport precipitation (top), observed TSS concentrations (middle) for January 






























































































Figure 40 Daily regional precipitation data in Apalachicola region for June 25, 26, 27, & 28, 2011 with no rainfall 






Figure 41 Daily regional precipitation data in Apalachicola region for June 29, 30, July 1, & August 8, 2011 with 






Figure 42 Daily regional precipitation data in Apalachicola region for August 9, 10, 11, 2011 & Marsh 16, 2012 




It appears that rainfall events occurring directly above and within approximately a ten 
kilometer radius (upstream) of the sampling location cause an elevated response in TSS 
concentration at the mouth of the Apalachicola River relative to the intensity of the storm. The 
high concentration noted in response to two large precipitation events in the wet season sampling 
mission suggest that precipitation is the primary driver of major TSS fluctuations. However, to 
conclusively state this, more TSS concentrations during storm events will need to be included in 
the analysis. It is also apparent that other spikes in TSS concentration occur in the absence of 
precipitation events. While the precipitation events may be the primary influence of high TSS 
concentrations, other process may be responsible for minor fluctuations in TSS concentrations. 
5.4 Tidal Influences 
Tide data was obtained from the NOS 872820 tide gage located at the mouth of the 
Apalachicola River (Figure 11) (NOAA, 2012). The mixed diurnal and semi-diurnal tides in the 
Apalachicola region result in an abnormal tidal signal (Figure 43). The tidal signal in each of the 
sampling periods is distinctly different, exhibiting a range of highs and lows in addition to a 
variance between one and two peaks during high tide. Water levels varied between 
approximately -0.6 meters below MSL to 0.7 meters above MSL. The typical range was between 






Figure 43 Observed water levels at NOS 8728690 for sampling periods in June 2011 (a), August 2011 (b), 























































































































Because the Apalachicola River discharges such a large volume of sediments, it has been 
suggested that TSS concentrations at the mouth of the river are influenced more by river 
discharge than tidal currents (S. Chen et al., 2011), but others such as Raney et al. (1985) 
disagree. To test this, TSS concentrations from each field mission were plotted against the water 
levels during the sampling period. In each period, two distinct patterns were observed. First, it 
appears that a base level concentration of TSS is consistent throughout the sampling period. 
Second, each period exhibits a spike in TSS concentration, and whether it was small or large, the 
TSS concentration returned to the base level concentration.  
Figure 44 displays a plot of TSS concentrations from June 2011 against their 
corresponding water levels. The base level TSS concentration during this sampling period was 
between 20 mg/L and 35 mg/L. Two distinct spikes in TSS concentration stand out when 
comparing to the tides. The first occurred on June 25
th
, and was 92.7 mg/L, and the second was 
on July 1
st
 and was 158.4 mg/L (Figure 44). These two spikes occur at different phases of the 
tidal signal: the 25
th
 was on an ebb tide and the 1
st
 was on a high tide in the spring portion of the 
cycle. Two other smaller spikes in TSS concentration occurred on June 28
th
 (44.0 mg/L) and 
June 30
th
 (50.0 mg/L), which both occurred during high tides (Figure 44). 
To isolate the tidal influence on TSS concentrations, elevated were removed from the 
TSS data set to compare the base level concentrations to the tidal signal (Figure 45). While 
distinct trends cannot be observed from daily data, it is noted that the two highest TSS 
concentrations in this analysis occurred during high tides. All TSS concentrations between 20 
and 30 mg/L (representing over half the data points) occurred during a high tide. It was also 




Figure 44 June 2011 TSS concentrations at TSS000 against observed water levels for 6/20/11 to 7/1/11 
 
Figure 45 June 2011 TSS concentrations at TSS000 against observed water levels for 6/20/11 to 7/1/11 with 
elevated concentrations removed from TSS data set (note change in y-axis scale of TSS concentration 
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 The data collected in August of 2011 was carefully analyzed since the data set only spans 
four days. The base level TSS concentration was between 5 mg/L and 15 mg/L with only one 
spike in concentration on August 9
th
 of 23.6 mg/L (Figure 46). This spike occurred during a high 
tide; however, the magnitude of this spike compared to its base level concentration is less than 
the magnitude of spikes observed in other sampling periods against their respective base level 
concentrations. Nonetheless, its occurrence on high tide is still important to note. Furthermore, 
the same trend can be observed on the following day (the highest TSS concentration observed on 
the 10
th
 occurred at high tide). More importantly, the behavior of the TSS concentration on these 
two days after the spikes display a rapid rate at which a spike in TSS concentration settles back 
to its base level concentration. Both concentration spikes were followed by three samples taken 
approximately every two hours. In both cases, the concentration returns to the range of the base 
level concentration within 8 to 10 hours, during ebb tides. It is possible that the receding tidal 
current enhanced the effects of river flow in flushing out the higher TSS concentrations in the 
river. 
 Elevated TSS concentrations were again removed from this data set to observe potential 
isolate tidal effects (Figure 47). With a higher sampling frequency than the June 2011 dataset a 
trend emerged. Higher concentrations appeared early in the ebb tide, and concentrations 





This is an indication that tidal circulation influences TSS concentrations (specifically within the 
base level range); however, the August 2011 data set alone is not robust enough to come to such 




Figure 46 August 2011 TSS concentrations at TSS000 against observed water levels for 8/9/11 to 8/11/11 
 
Figure 47 August 2011 TSS concentrations at TSS000 against observed water levels for 8/9/11 to 8/11/11 with 
elevated concentrations removed from TSS data set (note change in y-axis scale of TSS concentration 
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 Samples taken during the week in January 2012 support the trends observed in 2011. In 
this data set the TSS base level concentration is approximately 5 mg/L to 12 mg/L (Figure 48). 
The one noticeable spike in TSS concentration of 31.8 mg/L occurred on January 4
th
 during high 
tide. The two samples before (taken on the flooding tide) exhibit a rising concentration, while the 
three samples taken the next day on the respective ebb tide for the TSS spike steadily decreased. 
On these two days, TSS concentrations appeared to follow the rising and falling water levels 
caused by the tidal signal. In the subsequent days, all samples occurred near or during low tide. 
The remaining samples in this period fell within the base level range of TSS concentrations 
further suggesting that the tidal currents do play a role in the TSS concentration in the tidally 
influenced zone of the river. 
 Removing elevated concentrations for the January 2012 data set shows the base level 
range of TSS concentrations; however there is not a strong correlation between concentrations 





decrease with the ebb tide, but samples on other days during ebb tide do not show this trend.  
Also important to consider in the discussion of tidal current influence on TSS 
concentrations are the one-time, same-day samples taken in January. Of the nine samples taken, 
seven of them were upstream of the lower 30 - 40 kilometers of river that are tidally influenced. 
The last two samples (TSS 157 and TSS 158), however, were within this zone (Figure 15). TSS 
157 is located approximately 30 kilometers from the river mouth and TSS 158 is located 
approximately 25 kilometers from the river mouth. The TSS concentrations on the river steadily 
decreased from 11.99 mg/L (TSS151) to 9.02 mg/L (TSS156) and at TSS 157 and TSS 158 TSS 
concentrations were 11.41 mg/L and 13.1 mg/L, respectively. Both locations are well within the 
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tidal zone, and plotting all nine concentrations against the tide on that day (Figure 50) shows that 
the last two samples were taken during a flood tide. Further, the first sample taken within the 
tidally influenced zone (TSS157) was farther upstream and earlier in the flooding tide signal than 
the second sample taken within this zone (TSS 158), which was five kilometers farther 
downstream and later into the flooding tide signal. These two higher TSS concentrations suggest 
that the incoming tide transports suspended solids with it, re-suspends sediments with its reverse 
flow of water, or slows the flow of the river enough that the suspended solids become more 
concentrated without the higher discharge rates carrying them downstream at a faster rate. From 
the samples collected in 2011 and 2012, it appears that while it might not be the most significant 
factor impacting the TSS concentrations in the Apalachicola River, the tidal signal does have 
some influence on the concentration levels, especially in the lower portion of the river.  
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Figure 49 January 2012 TSS concentrations at TSS000 against observed water levels for 1/4/12 to 1/11/12 with 
elevated concentrations removed from TSS data set (note change in y-axis scale of TSS concentration 
from Figure 48) 
 
Figure 50 January 2012 TSS concentrations from nine (TSS 150 – TSS 158) one-time, same-day samples in the 
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Finally, samples were collected approximately every three hours over a 14-day tidal cycle 
in March 2012. The TSS base level concentration was approximately 5 mg/L to 10 mg/L (Figure 




. Strong winds 
occurred during these five days compared to the remainder of the days on the trip. Section 5.4 
will discuss the wind influence on these samples. The concentration of the remainder of the 
samples consistently fell within the base level range for this sample period and is apparent when 
elevated concentrations are removed (Figure 52). Generally, this set of data exhibits rising TSS 
concentrations with the spring tide, and falling concentrations with the ebb tide.   
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Figure 52 March 2012 TSS concentrations at TSS000 against observed water levels for 3/5/12 to 3/18/12 with 
elevated concentrations removed from TSS data set (note change in y-axis scale of TSS concentration 
from Figure 51) 
The base level concentration range of the March 2012 dry season trip (5 mg/L to 10 
mg/L, Figure 51) is comparable to the base level concentration level range of the January 2012 
dry season trip (5 mg/L to 12 mg/L, Figure 48). There were two sample concentrations from the 
latter portion of March 2012 sampling period that were between 10 mg/L and 12.4 mg/L and 
more closely resemble the base level concentration of the January 2012 sampling period. An 
acceptable range of TSS base level concentration between the two dry season sampling periods 
was between 5 mg/L and 12 mg/L. The observed dry season base level concentration was lower 
than the observed wet season base level concentration. The base level concentration from the 
June/July 2011 sampling period was between 20 mg/L and 35 mg/L (Figure 44). The base level 
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0312 Base Level TSS 0312 Observed Water Levels 
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46). As previously mentioned the August 2011 data set was limited and should be analyzed 
cautiously. 
 The TSS concentration spikes from each trip were collectively examined to determine 
where in the tidal cycle they occurred (Table 6, Table 7, and Table 8). These concentrations 
occurred on high, low, or ebb tides. Since there are no occurrences of an elevated TSS 
concentration during a flood tide, it was assumed (from this data set) that the TSS source is 
fluvial and the tidal cycle has little impact on the source of the sediment. This finding is 
consistent to the fluvial system classification provided by Livingston (1984). However, it is 
noted that spikes appear more intense on strong ebb tides, suggesting that the increased pull from 
the tidal recession enhances streamflow, thus transporting more TSS from upriver areas. 
Additionally, when elevated concentrations were removed from the data sets, the base level 
concentrations could be compared to the tidal signal. Weak trends were observed within these 
base level concentrations between concentration increases and decreases that appeared to 
correlate with spring and ebb tides. Additional sampling is recommended to confirm this 
observation.  
Streamflow had little effect on the TSS concentrations, but it has been identified that the 
combination of ebb tide with streamflow enables higher TSS concentrations (Section 5.2 and 
Figure 34). This is confirmed as no significant elevated TSS concentrations occurred during 
flood tides when the tidal currents were opposing streamflow and creating low-flow scenarios.  
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Table 6 TSS concentrations from TSS000 for June, July, and August 2011 at the mouth of the Apalachicola 















6/20/2011 9:45 27.3 - Ebb - 
6/21/2011 16:25 21.3 - Flood - 
6/22/2011 14:44 31.3 - Ebb - 
6/23/2011 9:40 24.0 - High - 
6/24/2011 8:19 6.7 - Flood - 
6/25/2011 15:05 92.7 - Ebb - 
6/26/2011 7:46 24.0 - Mixed/Flood - 
6/27/2011 9:53 24.0 - Mixed/Flood - 
6/28/2011 8:26 44.0 - Mixed/Ebb - 
6/29/2011 13:08 28.0 - High - 
6/30/2011 8:01 50.0 - Mixed/Ebb - 
7/1/2011 8:50 158.4 - Mixed/Ebb - 
Two hours 
8/8/2011 6:50 15.6 - Mixed/Flood - 
8/8/2011 19:20 10.0 - Low - 
8/9/2011 6:50 8.0 - Mixed/Flood - 
8/9/2011 11:05 23.6 - High - 
8/9/2011 13:00 20.8 - Ebb - 
8/9/2011 15:01 9.6 - Ebb - 
8/9/2011 17:05 5.6 - Ebb - 
8/9/2011 19:04 6.0 - Ebb - 
8/10/2011 7:00 12.4 - Mixed/Ebb - 
8/10/2011 15:20 10.8 - Ebb - 
8/10/2011 17:01 8.0 - Ebb - 
8/10/2011 18:52 6.0 - Ebb - 
8/11/2011 7:01 8.0 - Mixed/Ebb - 
8/11/2011 15:10 7.6 - Ebb - 
*Mixed tides refer to the occurrence of multiple high tides caused by the opposing diurnal 





Table 7 TSS concentrations from TSS000 for January 2012 at the mouth of the Apalachicola River, FL 















1/4/2012 9:11 6.6 1.4 Flood 1.88 
1/4/2012 12:14 9.4 1.3 Flood 1.93 
1/4/2012 15:11 31.8 5.4 High 6.36 
1/5/2012 7:47 10.1 1.1 Low 2.57 
1/5/2012 9:59 6.5 5.0 Flood 1.65 
1/5/2012 13:04 5.7 10.7 Flood 2.04 
1/7/2012 8:39 11.0 1.2 Ebb 3.86 
1/7/2012 11:27 9.7 4.2 Flood 1.61 
1/7/2012 14:26 11.7 4.7 Flood 1.77 
1/7/2012 17:32 9.8 1.1 High 5.78 
1/8/2012 12:00 9.6 5.8 Flood 1.34 
1/8/2012 14:55 6.7 4.8 Flood 1.38 
1/9/2012 15:27 7.4 3.1 Flood 1.13 
1/10/2012 7:57 9.2 4.4 Ebb 2.13 
1/10/2012 11:54 9.5 8.0 Low 1.29 
1/11/2012 8:39 12.1 9.3 Ebb 15.50 
*Mixed tides refer to the occurrence of multiple high tides caused by the opposing 


























3/5/2012 8:26 18 4.3 Low 0.09 
 
 
3/6/2012 9:06 18 8.9 Low 0.3 
 
 
3/6/2012 17:06 10.2 6.4 High 0.08 
 
 
3/7/2012 7:13 17.4 7.2 Ebb 0.05 
 
 
3/7/2012 15:38 6.5 7.4 Flood 0.05 
 
 
3/8/2012 7:03 13.2 5.9 Ebb 0.05 
 
 
3/8/2012 12:55 7.6 7.3 Flood 0.05 
 
 
3/8/2012 15:53 9 4.7 High 0.07 
 
 
3/9/2012 7:28 10.4 0 Ebb 0.05 
 
 
3/9/2012 10:25 20.3 2.2 Ebb 0.05 
 
 
3/9/2012 13:28 10 5.9 Flood 0.05 
 
 
3/9/2012 16:11 5.8 3.8 High 0.06 
 
 
3/10/2012 8:11 6.7 8.5 Ebb 0.06 
 
 
3/11/2012 7:55 8.9 7.7 High 0.05 
 
 
3/11/2012 18:05 8.2 9.7 Flood 0.05 
 
 
3/12/2012 8:33 6 9.7 Flood 0.05 
 
 
3/12/2012 15:56 7.1 7.8 Mixed/Flood 0.11 
 
 
3/12/2012 18:25 7.2 6.4 Flood 0.06 
 
 
3/13/2012 9:58 6.6 4.4 Mixed/Flood 0.06 
 
 
3/13/2012 13:27 7.8 7.3 Mixed/Ebb 0.07 
 
 
3/13/2012 16:11 7 10 Mixed/Flood 0.05 
 
 
3/14/2012 8:04 9.7 1.1 Flood 0.06 
 
 
3/14/2012 12:17 6.4 4.6 Mixed/High 0.06 
 
 
3/14/2012 13:57 6.7 8.1 Mixed/Low 0.09 
 
 
3/14/2012 17:00 7.8 3.2 Mixed/Flood 0.32 
 
 
3/15/2012 10:00 7.5 1.9 Flood 0.06 
 
 
3/15/2012 12:50 6.2 5.8 Mixed/Flood 0.05 
 
 
3/15/2012 15:51 7.2 5.4 Mixed/Flood 0.05 
 
 
3/16/2012 8:11 12.3 1.6 Low 0.07 
 
 
3/16/2012 11:01 5.9 6.4 Flood 0.06 
 
 
3/16/2012 15:00 6.7 6.2 Mixed/High 0.06 
 
 
3/16/2012 17:54 6.1 3.6 Mixed/Low 0.06 
 
 
3/17/2012 8:03 7.9 1.5 Low 0.05 
 
 

























3/17/2012 14:59 7.3 6.8 Mixed/High 0.19 
 
 
3/17/2012 17:25 5.9 1.9 Mixed/Ebb 0.08 
 
 
3/18/2012 11:57 5.3 5.3 Flood 0.05 
 
 
3/18/2012 15:27 10.1 5.3 Mixed/High 0.2 
 
 
3/18/2012 17:56 7.7 7.3 Mixed/Ebb 0.32 
 
 
*Mixed tides refer to the occurrence of multiple high tides caused by the opposing diurnal and semi-
diurnal tidal signals 
  
5.5 Wind Influences 
From the March 2012 sampling conducted (Figure 51), it is apparent that there are 
additional forcings on TSS concentration fluctuations other than streamflow, precipitation, and 
tides. While the elevated March 2012 TSS concentration spikes (15 mg/L to 21 mg/L) were the 
lowest spikes seen in all the data sets, their separation above their respective base level range is 
notable. The average in situ wind speed recorded at the time of sampling for each of these spikes 
was higher than the average in situ wind speed recordings for the remainder of the trip (Table 5). 
There was also a scarcity in the water samples in the first five days that was not seen in the 
remainder of the trip. Water samples were planned approximately every three hours; however, 
when winds exceeded 12 mph a sample was cancelled for safety purposes. During the first five 
sampling days, seven out of nineteen planned samples were cancelled due to high winds. Of the 
remaining thirty six samples, only nine more were cancelled due to high winds (six of which 




). The wind speed of the four samples exhibiting the 
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highest TSS concentrations, in order of collection were 4.3 mph, 8.9 mph, 7.2 mph, and 2.2 mph. 
The average speed of the winds recorded at each sample was 5.6 mph.  
Wind speed and direction were obtained from the NOS 8728690 tide gage for each of the 
four sampling periods. Conner et al. (1982) noted that winds generally come from the south in 
the spring and summer, and from the north in the winter and fall. From winds at the NOS tide 
gage in June/July 2011 (Figure 53) wind direction was predominately from the west, ranging 
between southern and northern directions. Winds in August 2011 (Figure 55) were 
predominately from the northwest, and generally ranged between southwestern and northern 
directions. The winds recorded in January 2012 were the most variable compared to the other 
sampling periods (Figure 56). In the beginning of the sampling period the winds were 
predominately from the north, but ranged between southwestern and northeastern directions. A 
distinct change in wind direction was observed over the last four days of sampling changing 
from the east through north and quickly through the south, and finally from the west. There were 
also two distinct wind directions observed in the March 2012 sampling period (Figure 58). The 
wind was originating from the east for the first four days and ranged primarily between northeast 
and southeast. The wind originated from the north in the morning and shifted through east, south 
and west during the day, and returned to the north in the evening and started the cycle again the 
next morning.  
Generalizing these trends, winds were predominately from the west in June/July 2011, 
from the northwest in August 2011, from the north in January 2012, and from the northeast in 
March 2012. Winds in the summer and spring were observed from western and northwestern 
directions as opposed to the southerly direction described in the literature, but winds in the fall 
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and winter originated from the north and east as the literature described (S. Chen et al., 2011; 
Livingston, 1984).  
 Wind speeds and TSS concentrations in Figure 53, Figure 55, Figure 56, and Figure 58 
are displayed on the same y-axis scale enabling direct comparison between the different time 
periods. Note that the scale on the TSS concentration in Figure 53 is larger to accommodate the 
higher TSS concentration spikes. General daily cycles of low wind at night and higher winds 
during the day are observed in all four sampling periods. The highest average sustained winds 
(15 mph) were observed in March 2012 and the lowest winds were observed in August 2011 and 
January 2012.   
 The June/July 2011 sampling period shows the strongest daily cycles of higher wind 
speeds during the day and lower speeds at night (Figure 53). Though it cannot be conclusively 
determined from the daily sampling frequency in this sampling period, it appears that the base 
level TSS concentration bears some resemblance to the daily wind trend. In general, samples 
taken in the middle of the day (high wind) had higher TSS concentrations than those that were 
taken in the mornings when (low wind). It also appears that wind direction had an influence on 
the TSS spikes. The two largest spikes in TSS concentration occurred directly after a period 
when winds had been coming from the north (Figure 53). Lastly, the largest wind gust 
(approximately 20 mph) originated from the north and occurred before the sample yielding the 
highest TSS concentration (158.4 mg/L), indicating that the combination of high wind speeds 
from the storm and precipitation creating runoff carrying more sediment (Figure 41) created 
optimal conditions for elevated TSS concentrations. S. Chen et al. (2011) also believed that TSS 






Figure 53 Wind speed (top) and wind direction (middle) from NOS tide gage 8728690 and TSS concentrations 
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Observing trends in the August 2011 data set is again done cautiously due to its brevity. 
The wind directions during this period (Figure 55) were highly consistent compared to the other 
sampling periods, but this is expected with the shorter duration. Winds were predominately from 
the west-northwest direction, but occasionally came from the north. The elevated TSS 
concentrations appeared to correlate with the wind direction shifting from the west to the north. 




 both follow brief periods where the wind was 
originating from the north and northwest. The higher of the two concentrations was also taken 
shortly after the largest wind gust observed in the sampling period on the 9
th
 of about 12 mph 
(Figure 55). Elevated concentrations observed on the 8
th
 were also taken during periods when the 
wind was coming from the north, and wind speeds were elevated throughout the day up to 9 
mph.  
The lowest winds overall were observed in the January 2012 sampling period. The wind 
was generally less than 5 mph for the first six days, and reached approximately 13 mph over the 
last two days (Figure 56). There is little variation in the TSS concentrations in this data set with 
the exception of one sample on the 4
th
. This elevated concentration occurred after an increase in 
wind speed from approximately 4 mph to 7 mph and steadily shifting winds from east (through 
south) to west (west and north being the wind direction that elevated TSS concentrations were 
observed in during previous sampling periods). The combination of the shift in direction and 
increase in speed of the wind likely caused this concentration spike. This shift in wind direction 
was also seen on the 6
th
, but unfortunately heavy fog conditions prevented sampling this day. 
The wind again gradually shifted from an easterly direction (through south) to a westward 
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. Consequently, the four TSS concentrations 
observed over these days gradually increased as the wind direction progressed toward the west. 
Additionally, the water levels on the 4
th
 were lower than they were any other time during 
the trip (Figure 54). Kofoed and Gorsline (1963) and Livingston (1984) observed that winds 
from a northerly direction tend to push water into the bay causing lower water levels and it 




 (Figure 54). Referring back to Figure 56, the winds 
during the time of lower water levels were predominately originating from the north. Kofoed and 
Gorsline (1963) and Livingston (1984) also noted that winds from a southerly direction would 
produce the opposite affect and create elevated water levels from water being forced into the bay. 




 when wind direction shifted from 





 the highest water level deviations from the predicted were observed 
(Figure 54). The difference in water levels likely explains why a high TSS concentration was 
recorded on the 4
th
, even though similar wind conditions were observed during other samples. 
With lower water levels, the wind will cause more mixing in the water column and likely 
resuspends more bottom sediments than it would with higher water levels (Conner et al., 1982; 





Figure 54 Observed water levels (black) against predicted water levels (red) at NOS tide gage 8728690 for 
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Figure 55 Wind speed (top) and wind direction (middle) from NOS tide gage 8728690 and TSS concentrations 












































































Figure 56 Wind speed (top) and wind direction (middle) from NOS tide gage 8728690 and TSS concentrations 
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With streamflow, precipitation, and tidal influences alone failing to show compelling 
evidence that they were responsible for the elevated March 2012 TSS concentrations; it is likely 
that winds caused the anomaly. There were both high and low winds during the sampling period 
(Figure 58). As previously mentioned, sampling was cancelled when winds were greater than 12 








. The TSS concentration 
spikes were observed on these days when breaks in the high wind speeds allowed for the 
collection of samples. It is likely that the strong winds caused resuspension and mixing of bottom 







the elevated TSS concentration levels. The winds originated from the northwest and shifted to 
the east on the days that exhibited the high TSS concentration values. Given the orientation of 
the river and bay, it is possible that the winds suspended sediment in the bay and distributaries 
and pushed them in the direction of the Apalachicola River.  





, but a spike in TSS concentration was not observed. While the wind conditions were 
similar, the water levels were not. By examining Figure 51 it can be seen that the water levels 











. As the tidal signal in Apalachicola is habitually irregular because of 
the meeting of the diurnal and semidiurnal signals in Apalachicola Bay (Huang et al., 1999; 
Isphording, 1985), the extremely low water levels observed in the beginning of the March 2012 
sampling period are not uncommon in this area. In addition, the northerly and easterly winds 
were consistent over the first five days of the sampling period and they were likely exhibiting the 
trend observed by Kofoed and Gorsline (1963) and Livingston (1984) and pushing the water into 
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the bay causing lower than average water levels. It is likely that the low water levels enabled 
more resuspension and mixing of sediments by the winds during the first several days where the 
concentration spikes were observed than the next few days where water levels were higher. 
 
Figure 57 Observed water levels (black) against predicted water levels (red) at NOS tide gage 8728690 for March 
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Figure 58 Wind speed (top) and wind direction (middle) from NOS tide gage 8728690 and TSS concentrations 
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5.5 Modeling Implications 
 The in-depth analysis of the water samples revealed several sediment transport trends that 
were previously un-quantified with such detail. Literature suggests that the largest controlling 
factor on the suspended sediments in the Apalachicola River was the incoming sediment load 
from the Chattahoochee and Flint Rivers. This in turn implied that upper basin activities such as 
precipitation and dams played a large role in sediment trends in the Apalachicola River. The dry 
season comparison of TSS concentrations at the Apalachicola River’s mouth at extremely 
different discharge rates showed that concentration was not dependent on the volume of river 
flow. Alternatively, it was presented that there were base level TSS concentrations that were 
influenced by local events. The wet season base level concentration was between 5 mg/L and 35 
mg/L and the dry season base level concentration was between 5 mg/L and 12 mg/L. The wet 
season concentrations varied more because the local events that are suggested to have influences 
on the concentrations primarily occur in the wet season.  
 Analysis of the results suggest that tides had minor influences on TSS concentrations in 
that elevated concentrations within the base level range typically occurred during slack or ebb 
tides (i.e. tides that enhanced streamflow as opposed to working against it). The two factors that 
were suggested by the data to have the largest impact on the TSS concentrations were local 
precipitation and wind. This is not surprising as these two events commonly occur 
simultaneously during storm events. Precipitation seemed to induce large TSS concentration 
fluctuations more when it was extremely local as opposed to up river. Wind speed, and perhaps 
more importantly wind direction, were determined to be the most influential factor on minor TSS 
fluctuations in this set of data. Each spike in TSS concentration was observed during 
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distinctively high wind speeds or different wind directions. Additionally, resuspension of 
sediments seemed more likely when wind conditions (from the north) pushed water towards the 
bay and created lower than average water levels.  
There are several take-aways from the above water sample analysis that should be 
applied to the development of numerical models to simulate sediment transport in the 
Apalachicola River Basin. Tidal dynamics are important and should be validated before 
additional parameters are added to the model. River flow should be represented, though it is not 
necessary to increase the temporal resolution beyond daily flow values. In conjunction with river 
flow, a sediment influx should be provided at the Jim Woodruff Dam (the start of the 
Apalachicola River and thus the drainage basin). The data suggests that fluctuating TSS values 
are more sensitive to precipitation and wind events within the Apalachicola River drainage basin 
as opposed to streamflow; however, the base level TSS concentration values noted in section 5.1 
are likely a resultant of the sediment influx at the dam. Noted in the literature review, the 
sediment influx at the Jim Woodruff Dam is 1.5 million tons annually and should be 
incorporated as a boundary condition in the sediment transport model (Isphording, 1985). To 
properly reflect fluctuating TSS in the models, it is imperative that wind (speed and direction) 
and precipitation be accurately described, locally and regionally. As it has been noted, TSS 
concentrations have rapid responses and omitting data or failing to resolve wind data on a sub-




CHAPTER 6. RIVER SEDIMENT SAMPLING 
6.1 15-centimeter Sediment Core Results 
Particle size distributions of eighteen 15-centimeter sediment cores were analyzed using a 
sieve analysis as detailed in section 4.2.2 (Figure 59). The analysis resulted in a grain size 
distribution plot (Figure 60) and the curves were grouped into well graded samples, poorly 
graded samples, and fine samples (Figure 61) (Das, 2006). Pre-determined locations were 
indicated with a location identification of SED###, and sample locations deemed valid for a 
sample once in the field were identified with a location name of UNK###. Finally, a 
representative sample was chosen to characterize each group (Figure 62). 50% of the samples 
were classified as fine, 28% well graded, and 22% poorly graded. The two samples from the 
marsh were not included in this percentage; however, it is noted that they do resemble the well 
graded samples in the group. Clearly there were more coarse particles in the two marsh sediment 
cores. Since the samples were not ashed before sieving it is likely that a large portion of these 
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SED23 SED15 UNK20 UNK21 SED13 UNK26 UNK27 




Figure 61 Gran size curves grouped into well graded (purple), poorly graded (green), and fine (blue) samples. 
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Figure 62 Representative sample of well graded samples (purple) comprising 28%, poorly graded samples 


























Grain Size (mm) 
Well Graded (28%) Poorly Graded (22%) Fine (50%) Marsh Sediment 
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The fine particles from the pan and #200 sieve were classified using a hydrometer test as 
described in section 4.2.2 (Figure 63). Combining these results with the sieve analysis (Figure 
64) and soil textural triangle (Di-Mauro, 2001), a textural classification was performed (Figure 
29 and Table 9). This classification was only performed for samples along the Apalachicola 
River, therefore the two core samples from the East Bay marsh (UNK 60 and UNK 61) and UNK 
31 from Whiskey George Creek were excluded. The samples were classified as sand, sandy 
loam, loamy sand, sandy clay loam, loam, silty clay, and clay. The tributary samples exhibit a 
mixture of clay and sandy loams. The constant new inputs from overland areas combined with 
low streamflow velocities and eddy systems create highly varied environments between 
tributaries. Because each tributary is vastly different from the next, finding a variety of soil types 
in realistic. Samples from the main river stem appeared to have the highest clay content, 
identified as the finest particles observed. One exception was the sample on the main river stem 
at the river mouth (UNK33) near the bay. It had a higher sand content, just as the only other 
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UNK27 SED16 SED17 UNK26 UNK01 SED13 UNK24 
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Figure 64 Combined sieve and hydrometer grain size curves with gravel (> 2.000 mm), sand (2.000 mm – 0.050 


























Grain Size (mm) 
SED16 UNK01 SED17 SED10 SED08 UNK06 SED07 
SED23 SED15 UNK20 UNK21 SED13 UNK26 UNK27 
UNK28 UNK24 UNK31 UNK33 UNK60 UNK61 
Gravel Sand Silt Clay 
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Table 9 Textural classification of 15-centimeter soil cores taken in Apalachicola, FL in June 2011 
Sample  Area 
Textural 
Classification 
SED16 Tributary  Silty Clay 
UNK01 Tributary  Sandy Clay Loam 
SED17 Tributary  Sandy Clay Loam 
SED10 Tributary  Sandy Loam 
SED08 Tributary  Loamy Sand 
UNK06 Tributary  Sandy Loam 
SED07 Tributary  Loam 
SED23 Main River Stem  Clay Loam 
SED15 Tributary  Sandy Loam 
UNK20 Tributary  Sandy Loam 
UNK21 Distributary Sand 
SED13 Tributary  Sandy Loam 
UNK27 Main River Stem  Clay 
UNK33 Main River Mouth Sandy Loam 
UNK26 Main River Stem  Sandy Loam 
UNK24 Distributary Clay 





6.2 Sediment Transport Trends 
In general, the well graded samples contained the largest amount of coarse particles, and 
it was expected that the origin of these samples would be from upstream portions of the 
Apalachicola River and its tributaries. This expectation comes from fluvial dominance over tidal 
dominance in this system (Livingston, 1984). Movement in a fluvial system in typically 
exclusively downstream, allowing coarse sediments to settle in upstream areas while finer 
sediments remain in suspension until lower energy areas downstream (i.e. salt marshes) are 
reached (Huang & Jones, 2001). A tidally dominated system would experience more 
resuspension of sediments that would disturb the relatively uniform trend of decreasing particle 
sizes (Huang et al., 1999). With the lack of coarse particles in the finely classified samples and 
large amount of fine particles compared to the other two classifications, it was intuitively 
expected that these samples would be found in downstream portions of the Apalachicola River. 
The poorly graded samples being a mixture of these two extremes might be found throughout the 
sampling area. These trends can be observed by plotting the location of each sample with respect 
to its location and gradation (Figure 65). Three samples were taken in the lower portion of the 
Apalachicola River (UNK26, UNK27, and UNK33) and all were classified as fine samples. 
Furthermore, the first sample on the main river north of these three samples (SED23) was a well 
graded sample. This well graded sample had more coarse particles than the fine samples, 
suggesting that these coarse particles had the opportunity to settle out of suspension in the 
upstream areas before they reached the location of UNK26. The remainder of the samples north 
of SED23 were taken in tributaries and represent all three classifications. As mentioned in 
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section 6.3, it was expected that the tributaries would exhibit a large variety in soil types because 
of the varied environments they represent.  
Three samples (UNK28, UNK24, and UNK21) on the southeastern side of the main river 
reside in their own sub-system in one of Apalachicola River’s distributaries, East River (Figure 
65). At the point where the East River branches from the Apalachicola River, the particle 
distribution of the Apalachicola River was classified as fine. However, the first sample on the 
East River (UNK24) was a well graded sample, indicating that there were more coarse particles 
in this distributary than in the main river. Upon closer inspection, East River has its own 
tributary independent of the Apalachicola River. Sample UNK28 was taken in this tributary and 
sample UNK24 was taken in East River downstream of the tributary input. Both samples have 
the same well graded classification. The last sample on the East River (UNK21) was classified as 
fine. It appears that the coarse particles in this tributary (UNK28) traveled into East River 
(UNK24) before settling out and leaving only fine particles in suspension (UNK21), following 
the same trend observed from the samples in the main river stem.  
It should be noted for overland transport modeling efforts that particle size distribution 
tends to decrease with distance traveled downstream in this fluvial dominant system. With new 
inputs (tributaries) in the system, coarse particles will be introduced and will again follow the 
same trend of settling while traveling downstream. The trends observed in the results of the core 
sample analysis reflect the results of the one-time same-day water sampling scheme down the 
Apalachicola River (Figure 30), in which the concentration of TSS in the river decreased in the 
direction of flow. Other forcings such as tides, winds, and precipitation can potentially have an 





Figure 65 Location of fine (blue), well (purple), and poorly (green) graded samples from the sieve analysis 
(Apalachicola River samples only) 
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6.3 Overland Soil Sample Results 
 Fifteen overland soil samples were collected to corroborate the State Soil Geographic 
Database (STATSGO) soil classification scheme (NRCS, 2006). The surface soil samples were 
tested with a sieve analysis according to the procedures in section 4.2.2. The samples represented 
six different STATSGO soil classes (Figure 66). From the specified amount retained on the #4, 
#10, #40, and #200 sieves, percent error between the STATSGO classification (Table 10) and 
field data were calculated for each sample and averaged according to its STATSGO soil class 
(Table 11) (NRCS, 2006). The error increases as particle size decreased for every soil type 
sampled
4
. The percent error of coarse particles (Sieve No. 4 and 10) in each soil class was below 
6%, indicating that the scheme can accurately classify soil samples based on the coarse particles. 
Some soil types defined by fine particles (Sieve No. 40 and 200) may be misclassified. The 
percent error for the No. 40 Sieve was 23% at most, and for the majority of the samples was 
between 5% and 9%. While these percent errors were fairly low, their increase compared to the 
two coarser sizes leads directly to large increase in percent error for the finest particle size (Sieve 
No. 200). The percent error for this size averaged 50%, and had a maximum of 94% for one soil 
type. It is apparent that the STATSGO classification scheme does a poor job when fine samples 
are included in the sample, however, a larger data set should be tested to reach a more conclusive 
decision (Medeiros, 2012). 
Soil type is a part of the surface roughness parameterization in nodal values and for 
numerical models with spatial resolution, assigning each one manually is cumbersome (Atkinson 
                                                 
4
 The Scranton-plummer-pickney-leon-hurricane class does not follow the percent error rule as the percent increases 




et al., 2011). These parameters are instead assigned using an automated process using data bases 
such as STATSGO, so appropriately identifying soil types is an important step in the 
parameterization of the hydrodynamic and sediment transport models.  
 




Table 10 Percent passing for sieve no. 4, 10, 40, and 200 for select STATSGO soil classes (NRCS, 2006) 
STATSGO Soil Class 
Percent Passing Sieve No. 
4 10 40 200 
Water-Handsboro-Bohicket-Axis 100 100 88 73 
Scranton-Plummer-Pelham-Albany 100 98 83 13 
Leefield-Blanton-Albany 100 98 88 23 
Scranton-Plummer-Pickney-Leon-Hurricane 100 100 83 11 
Scranton-Rutlege-Plummer-Pickney-Leon 100 98 83 9 
Yonges-Brickyard 100 100 83 60 
  
Table 11 Percent error of percent passing sieve #4, #10, #40, and #200 between collected overland soil samples 
and STATSGO soil classification 
STATSGO Soil Classification 
% Error between STATSGO and Field Data 
Sieve No. 
4 10 40 200 
Average Error 1% 2% 10% 50% 
Water-Handsboro-Bohicket-Axis 0% 1% 23% 94% 
Scranton-Plummer-Pelham-Albany 0% 2% 5% 31% 
Leefield-Blanton-Albany 0% 2% 9% 61% 
Scranton-Plummer-Pickney-Leon-Hurricane 3% 6% 5% 19% 
Scranton-Rutlege-Plummer-Pickney-Leon 0% 1% 14% 14% 





6.4 Summary of Observed Trends 
 The analysis of sediment cores presented in Chapter 6 provides a general description of 
sediment transport and deposition trends in the Apalachicola River. 15-centimeter sediment cores 
collected along the Apalachicola River and its tributaries were classified as fine, well, and poorly 
graded. Based on this classification and characteristics of each class (i.e. fine graded samples 
having a larger amount of fine particles, poorly graded samples having a larger amount of 
medium sized particles, and well graded samples having a larger amount of coarse particles), 
samples upstream were generally poorly and well graded samples. The majority of the 
downstream samples were classified as finely graded. This observation is an indication that 
coarse particles settle out in upstream portions of the river. The observed trend in particle sizes 
also confirms the postulation that this is a fluvially dominant system, as a tidally dominated 
system would not exhibit such a decrease in particle size due to the reversal of flow directions 
throughout the tidal cycle. For a model including sediment transport, it will be important to 
ensure that settling velocities are computed properly based on particle size, particularly in the 
main river stem.  
 Overland soil samples compared to the STATSGO database indicated that the soil 
classifications predicted coarse particle sizes with decent accuracy; however, fine particle sizes 
were poorly predicted. When using databases such as this for model parameterization 
(Manning’s n for roughness, for example), it is important to obtain the best data available and 
perform a sensitivity analysis to determine if the parameter of interest influences model results. 
If so, in situ data may be necessary to supplement remotely sensed data in automated 
parameterization processes.   
153 
 
CHAPTER 7. ABOVEGROUND BIOMASS DENSITY 
 Biomass density describes the mass of vegetation in a unit area. In this application, 
biomass density of marsh grass in Apalachicola’s salt marshes will be described in grams per 
square meter. This chapter will discuss the process used to quantify this vegetation characteristic 
in the salt marshes, and the importance of accurately doing so. 
7.1 Previous Biomass Studies  
 Previous studies have been conducted on primary biomass production in Atlantic coast 
marshes. Interest in northern Gulf of Mexico marshes was initiated with the first published study 
of primary production on the Gulf coast by Kirby and Gosselink (1976). They calculated a marsh 
grass production rate of 1,176 grams per square meter of Gulf coast marsh (all marsh grass 
species included). Juncus roemerianus and Spartina roemerianus on the Gulf coast exhibited 
similar primary production to those that have been more thoroughly studied in Atlantic coast 
marshes (Kirby & Gosselink, 1976). It was found that decomposition in Gulf coast marshes was 
higher than Atlantic coast marshes because of prolonged warm temperatures (White et al., 1978). 
Specifically, Spartina species on the Gulf coast have been found to completely decompose 
within seven months to one year due to high soil temperatures (Kirby & Gosselink, 1976; White 
et al., 1978). This implies that decomposition might be accelerated in summer months and 
accretion due to the decomposition of vegetation would be lower in cooler winter months. White 
et al. (1978) also noted that Juncus roemerianus exhibited little seasonal variation compared to 
other marsh grass species such as Spartina. 
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 Marsh grass characteristics are highly dependent on local conditions (Morris et al., 2002). 
Because there are sparse data describing marsh grasses in Apalachicola (and the northern Gulf of 
Mexico), there is a need for detailed research of present species. It has also been suggested that 
under SLR scenarios, MSL and MHW will vary spatially within a salt marsh further altering the 
spatial variability of marsh grass species (Hagen et al., 2012). Marsh grasses in Apalachicola 
were studied by collecting biomass samples (to compute density), sediment core samples (to 
analyze below ground biomass and organic vs. inorganic content, described in chapter 8), and 
using remotely sensed data in conjunction with in situ samples (to characterize spatial 
distributions). These data will ultimately aid in the parameterization, validation, and coupling of 
hydrodynamic models and marsh equilibrium models (marsh models). 
7.2 In Situ Biomass Density Results 
 As part of a pilot study, biomass samples were collected in Apalachicola salt marshes. 
According to the procedure described in section 4.1.4, 64 samples were collected at 22 locations 
(3 samples per location expect sites located in water) on September 17-19, 2011 and analyzed for 
density (Figure 26). Density was calculated separately for Juncus roemerianus, S. cynosuroides 
and other species, and an average density was calculated for each site (from the three sub-
samples at each location). Juncus roemerianus was found at the majority of the sample locations, 
indicating that the marshes sampled were high elevation marshes (Table 19) (Mudd et al., 2004). 
Of the sample locations, Juncus roemerianus was the most dominant species followed by S. 
cynosuroides, while S. alterniflora was sparse. Three of the twenty-two field samples were 
omitted from the analysis (because they corresponded to water pixels in satellite imagery to be 
correlated to the samples as described below), leaving 19 sites. The average total biomass density 
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for the 19 sites was 1,738 g/m
2
, and ranged between 642 and 3,826 g/m
2
 (Table 19). Biomass 
density was highest (stems per unit area and height) along tidal creeks and decreased with 
distance traveled away from the creek. Three marsh organs (Morris, 2007) in the East Bay salt 
marsh will also be contributing to the estimation of primary production in the marsh by 
developing a biomass curve (not discussed in detail in this document). S. cynosuroides, S. 
alterniflora, and Juncus roemerianus are grown in the organs and regularly measured to monitor 
plant growth through tidal cycles and seasons.  
7.3 Field Data Density and Remotely Sensed Data 
7.3.1 Background 
 As previously mentioned, manually assigning spatially varying attributes across a large 
domain can be impractical so remotely sensed data are often used in an automated process to 
assign attributes such as marsh grass density (Atkinson et al., 2011; Roughgarden et al., 1991). 
Hardisky et al. (1986) reported that vegetation indices derived from red and near-infrared 
spectral bands of the Landsat TM sensors have shown strong correlations to marsh grasses and 
Zhang et al. (1997) found statistically significant relationships applying Landsat TM imagery to 
salt marsh biomass in San Pablo Bay, California. The best relationship to green biomass had an 
R
2
 of 0.58 from using the simple vegetation index (near-infrared band divided by the red band) 
(Zhang et al., 1997). More recently, Jensen et al. (2002) combined color-infrared aerial 
photography and field samples in a linear regression model finding that the near-infrared band 
showed the strongest relationship to the field samples (R
2
 = 0.70). This research combines active 
and passive remote sensing sources in the interest of obtaining more accurate relationships. 
Passive remote sensing utilizes reflected or re-emitted energy from the sun in the form of visible 
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or thermal infrared wavelengths. Active sensors provide their own energy in the form of 
radiation or lasers ("EarthExplorer," 2012).  
 Combining Landsat optical imagery with synthetic aperture radar (SAR) data appears to 
improve biomass density estimation in high-density areas (W. Chen et al., 2009; Moghaddam et 
al., 2002; Waring et al., 1995). Interferometric SAR (IfSAR) appears to further improve biomass 
estimations. This active remote sensing technology acquires two SAR images from two closely 
positioned antennas that correct against each other for terrain effects (Balzter, 2001). LiDAR is 
another active remote sensing technology that uses laser sensors from aircraft to obtain high 
resolution and high accuracy vertical and horizontal measurements and can be applied to 
biomass (Q. Chen et al., 2012). Such a combination of field data and remote sensing was used in 
this study to begin to develop and test linear regression models describing the spatial variability 
of the aboveground biomass density to variables derived from remotely sensed data in 
Apalachicola’s salt marshes. It was hypothesized that a combination of active remote sensing 
data and optical satellite imagery would provide a better description of the biomass variability 
than either source alone. 
7.3.2 Methods 
 Landsat 5 Thematic Mapper (TM) and Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) satellite imagery from the USGS EarthExplorer website 
("EarthExplorer," 2012) were the two optical remote sensing sources used. The selected scenes 
covered the entire study area. They were also selected to be as free from cloud cover as possible, 
and were chosen as close as possible to the biomass harvest dates. The Landsat 5 TM scene was 
acquired on September 12, 2011 and contained 0% cloud cover and the ASTER scene was 
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acquired on May 6, 2011 and contained 2% cloud cover; however, there was virtually no cloud 
cover over the area of interest. Optical imagery was processed using ArcGIS version 10 (ERSI, 
2011). The Landsat 5 TM imagery from Band 3 (Red) and Band 4 (Near Infrared, or NIR) was 
processed at 30 meter resolution and Band 2 (Red) and Band 3 (NIR) from the ASTER imagery 
was processed at 15 meter resolution (Abrams et al., 2002). The vegetation index (VI) and 
normalized difference vegetation index (NDVI) were respectively calculated from resulting raster 
















 IfSAR and LiDAR were used for active remote sensing data. IfSAR data was obtained 
from the NOAA Coastal Services Center and was processed as a relative vegetation height per 
cell under the assumption that returns were from the top of dense vegetation (marsh grasses) 
(Schmid et al., 2011). Obtained cell sizes were 4.02 meters and ArcGIS was used to resample to 
coarser resolutions of 10, 15, 20, 25, 30, and 35 meters. LiDAR was obtained through the NOAA 
Digital Coast website as acquired by FEMA in 2007 ("Coastal Lidar," 2012) and processed in 
ArcGIS version 10. An elevation raster and canopy raster were created from the LiDAR data and 
the difference between these two is considered the vegetation (i.e. marsh grass) height. Collected 
biomass samples were compared to the corresponding index value by using the Spatial Analyst 
extension of ArcGIS to identify the pixel value closest to each sample location in the data sets. 
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 7.3.3 Regression Analysis 
 A series of ordinary least squares (OLS) regression models were created in statistical 
software R version 2.11.1. Log-transformed aboveground biomass density values for the sample 
points were used as the dependent variable with numerous combinations of independent 
variables from the remote sensing data sets (R-2.11.1, 2010). The best model was selected by 
computing the R
2
 value (indicating the amount of variation in the log-transformed biomass 
density) and p-value (to avoid similar linear predictions among models containing multiple 
independent variables).  
7.3.4 Results 
 Linear regressions of the log-transformed biomass density values were calculated against 
Landsat 5 TM, ASTER, IfSAR, and LiDAR in single-variable and multiple regression formats 
(Table 12). Across all remote sensing data sets, multiple regressions generally outperformed 
single-variable models. All of the linear regressions including Landsat 5 TM and ASTER data 
were statistically significant (based on R
2
 > 0.1) (Table 12). The VI and NDVI vegetation indices 
in both Landsat 5 TM and ASTER data (single-variable) explained less than 40% of the 
variation. The NIR band of Landsat (TM Band 4) and the red band of ASTER (Band 2) 
explained the most variation of the single-variable models each with adjusted R
2
 values of nearly 
0.61 and 0.52, respectively (Table 12).  
 The model that included the red and NIR bands from the Landsat 5 TM multiple 
regressions performed the best of the combinations tested with an adjusted R
2
 of almost 0.65 
(Table 12). When applying IfSAR to Band 3 and Band 4, less vegetation variation was explained 
(R
2
 of 0.46 and 0.59, respectively), while the combination of both bands and IfSAR (R
2
 = 0.63) 
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was the second most successful model of the Landsat 5 TM combinations. In the ASTER 
multiple regression models, the combination of Band 2 and Band 3 slightly decreased the 
accuracy of prediction (R
2
 = 0.51), but ASTER Band 3 and ASTER Bands 2 and 3 combined 
with IfSAR predicted much more of the variability (R
2
 = 0.61 and 0.70, respectively), while the 
combination ASTER Band 2 and IfSAR predicted the most variation with an R
2
 of nearly 0.72.  
 IfSAR data and each of the coarser resampled rasters were combined with ASTER Band 
2. Noting that the first row in this section of the table corresponds to the best fit model from the 
ASTER regression results, it appears that two of the resampled IfSAR rasters at coarser 
resolutions pair better with ASTER Band 2 than the original 4 meter data set (Table 12). The cell 
sizes of the IfSAR rasters that outperformed the original cell size were 15 and 30 meters with R
2
 
values of 0.74 and 0.73, respectively. Although these two cell sizes explained the most biomass 
variation, all of the IfSAR raster sets performed well with ASTER Band 2 with the lowest R
2
 
value being 0.63 (IfSAR 35 meters, Table 12).  
 The LiDAR regression results were the only data set that contained results that were not 
statistically significant (elevation and vegetation height). As canopy height was the only 
individual LiDAR characteristic that was statistically significant (R
2
 = 0.18), it was paired with 
ASTER Band 2; ASTER Band 2 and IfSAR; and ASTER Band 2, IfSAR, and IfSAR 15 meter. 
Each additional data source improved the explanation of biomass variation increasing from a R
2
 
value of 0.49 to 0.77, and finally 0.82. The 0.82 R
2
 value is the highest in the models tested and 
resulted from the model with LiDAR canopy height, ASTER Band 2, and IfSAR 15 meter. 
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Table 12 Regression results (dependent variables are Landsat 5 TM, ASTER, IfSAR, and LiDAR, as 
respectively listed in each section) 
Landsat 5 Thematic Mapper (TM) regression results 
Independent Variable(s) p-value Adjusted R2 
NDVI [(Band 4 - Band 3)/(Band 4 + Band 3)] 0.0148 0.2609 
VI [Band 4/Band 3] 0.0053 0.3387 
TM Band 3 (Red) 0.0042 0.3554 
TM Band 4 (NIR) <0.0001 0.6084 
TM Band 3 + TM Band 4 <0.0001 0.6498 
TM Band 3 + IfSAR 0.0028 0.4594 
TM Band 4 + IfSAR 0.0003 0.5871 
TM Band 3 + TM_Band 4 + IfSAR 0.0004 0.6266 
ASTER regression results 
Independent Variable(s) p-value Adjusted R2 
NDVI [(Band 3 - Band 2)/(Band 3 +Band 2)] 0.0044 0.3518 
VI [Band 3/Band 2] 0.0039 0.3611 
ASTER Band 2 (Red) 0.0003 0.5219 
ASTER Band 3 (NIR) 0.0005 0.4948 
ASTER Band 2 + ASTER Band 3 0.0013 0.5116 
ASTER Band 2 + IfSAR <0.0001 0.716 
ASTER Band 3 + IfSAR 0.0002 0.6059 
ASTER Band 2 + ASTER Band 3 + IfSAR <0.0001 0.6973 
IfSAR resampling regression results 
Independent Variable(s) p-value Adjusted R2 
ASTER Band 2 + IfSAR <0.0001 0.716 
ASTER Band 2 + IfSAR_10m <0.0001 0.7107 
ASTER Band 2 + IfSAR_15m <0.0001 0.7391 
ASTER Band 2 + IfSAR_20m <0.0001 0.6605 
ASTER Band 2 + IfSAR_25m <0.0001 0.6732 
ASTER Band 2 + IfSAR_30m <0.0001 0.7288 
ASTER Band 2 + IfSAR_35m 0.0001 0.6272 
  LiDAR regression results 
Independent Variable(s) p-value Adjusted R2 
Canopy Height 0.0378 0.1846 
Elevation 0.3158 0.0038 
Vegetation Height (Canopy Ht. − Elev.) 0.1232 0.0831 
Canopy Height + ASTER Band 2 0.0017 0.4927 
Canopy Height + ASTER Band 2 + IfSAR <0.0001 0.7695 




  The linear regression models from the data sets that explained the most variation in 
biomass were TM Band 3 + TM Band 4 (R
2
 = 0.65), ASTER Band 2 + IfSAR (R
2
 = 0.72), 
ASTER Band 2 + IfSAR 15 meter (R
2
 = 0.74), and Canopy Height (  LiDAR) + ASTER Band 2 
+ IfSAR 15 meter (R
2
 = 0.82). In the IfSAR regression results, the performance of the 15 and 30 
meter rasters are likely explained by ASTER’s resolution. ASTER Band 2 has a 15 meter 
resolution which was highly compatible with the 15 and 30 meter cell size LiDAR data sets, 
while it did not compare well to the other IfSAR cell sizes. This also explains why there is not a 
clear trend with increasing IfSAR cell size. IfSAR cell sizes that are multiples of the 15 and 30 
meter ASTER cell size are easily compatible with the ASTER dataset, while cell sizes that are 
not multiples of ASTER’s cell sizes do not compare as well.  
 Given the poor correlation that LiDAR elevation and vegetation height produced for the 
biomass variation, it is apparent that as suggested, LiDAR has difficulty penetrating the dense 
biomass and is unreliable for ground elevation values in marsh areas (Schmid et al., 2011). 
However, it is clear that canopy height would give the best estimation and was proved so in the 
single-variable LiDAR regression models (Table 12).  
 The multiple regression models prove that a combination of remote sensing sources best 
describes the variation in biomass (W. Chen et al., 2009; Moghaddam et al., 2002; Waring et al., 
1995). R
2
 values reported in other single-variable studies of 0.58 (Zhang et al., 1997) and 
multiple-variable studies of 0.70 (Jensen et al., 2002) have been exceeded by several models 
presented here. The best performing single variable model tested had an adjusted R
2
 of 0.61 
(Landsat 5 TM Band 4) and the best performing multiple variable model had a R
2
 of 0.82 (  
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LiDAR canopy height, ASTER Band 2, and IfSAR 15 meter). These results also stress the 
importance of combining active remote sensing with satellite based optical sensing. The best 
performing model included two forms of active remote sensing and one form of satellite based 
optical remote sensing.  
 The best regression model(s) will be used to map biomass densities across Apalachicola 
salt marshes and will eventually be used to validate a marsh biomass production model. Because 
marsh grass characteristics vary by location, relationships developed to describe a correlation 
between remotely sensed data and actual biomass densities are limited to the Apalachicola 
region, or regions with similar characteristics. In such areas, the relationship can be visualized 
using ArcGIS to develop a raster data set of biomass densities in the area of interest as displayed 
in the preliminary results of Figure 67. In future work, more biomass samples should be 
collected to validate the best performing models before concluding that high correlations (R
2
 
values) are applicable over the entire domain and representative of biomass density. This method 
is applicable anywhere reliable remote sensing data and respective in situ biomass density 
samples can be acquired. Any new areas analyzed should first consider the LiDAR canopy + 





Figure 67 Biomass intensity in Apalachicola, FL derived from regression models of remotely sensed data and in 




7.4 Modeling Applications 
 Spatially accurate biomass densities over a domain are important for several modeling 
applications. In a hydrodynamic model, varying densities of biomass will affect nodal Manning’s 
n values applied to describe surface roughness (dense marsh grasses may slow flow reducing 
inundation extent, for example). In tidal circulation applications of the hydrodynamic model 
(described in chapter 9) in the marsh model, the inundation extent of the marsh produced in the 
hydrodynamic model will be used as inputs for the marsh model as time spent inundated directly 
affects biomass production. An inaccurate representation of the biomass density could lead to an 
inaccurate calculation of mean high water (MHW) and mean low water (MLW) levels in the 
hydrodynamic model, ultimately invalidating the data used to build the marsh model. The USGS 
National Land Cover Data (NLCD) and USGS Gap Analysis Program (GAP) data sets are 
currently consulted to define marsh areas surrounding the Apalachicola Bay, however validating 
and correcting this type of data with in situ sampling could greatly improve the accuracy of 
model predictions (Atkinson et al., 2011; Vogelmann et al., 2001).  
 Thus far, biomass samples have been collected and utilized in this process in East Bay 
and Apalachicola Bay (Figure 26). To create a more robust validation data set, biomass samples 
will be taken in Apalachicola River’s distributary system. These samples will be analyzed and 
parameterized in the same manner as described above and will be used to enhance the linear 
regressions described in section 7.3 and test whether the strong correlation will remain as such 
with a more populated and diverse sample set. If this were to come to fruition, the level of 
accuracy of spatial biomass density defined by remotely sensed data would be cutting edge for 
the Apalachicola region. 
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 After spatially varying biomass densities can be described throughout the domain with 
the regressions models, they can be used to validate the biomass variation produced by the marsh 
model. The model will utilize the biomass curve parameterized for Apalachicola marsh grasses 
developed from the marsh organs. Coupling the marsh model and hydrodynamic models will 
create a feedback loop that will continuously provide updated information about evolving 
elevations, MLW and MHW levels, and biomass production. As previous efforts have utilized 
static descriptions of such characteristics from the results of one model to parameterize and begin 
simulations with the next model, the feedback loop that will be created between these models 
will greatly improve the accuracy of predictions.  
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CHAPTER 8. SALT MARSH SEDIMENT SAMPLING 
8.1 Below Ground Biomass Production 
 Morris and Bowden (1986) note that applying a sedimentation model to describe marsh 
functions including above ground production and decomposition is standard; however, not all 
models include below ground production. Considering geomorphic or geologic processes alone 
will not accurately predict coastal marsh responses to SLR (Reed, 1995). Biomass production 
should be included in a marsh model to accurately quantify the accretion rate of the marsh. Both 
above and below ground biomass contribute to the accretion rate through decomposing organic 
matter (Morris et al., 2002; Reed, 1990).  
 Chapter 7 described measures taken to enhance the current remote sensing process used 
to accurately characterize aboveground biomass density. Below ground biomass is much more 
difficult to quantify and should be done on a localized basis (Morris et al., 2002). Accumulation 
(of sediments and organics) is largely determined by the turnover time of the roots, which also 
depends on the anaerobic conditions in the system (Gardner, 1990; Reed, 1990). Soil water 
logging (due to SLR) preventing plant nutrient uptake abilities is also a factor to be considered in 
the study of below ground production (McKee & Patrick Jr., 1988). Given that rhizomes can 
account for approximately 76 percent of the below ground mass, the inclusion of this variable 
when determining primary production and accretion is imperative (Schubauer & Hopkinson, 
1984). These factors will be influenced in the marsh model by results from the hydrodynamic 
model that, in turn, depend on the accurate spatial characterization of above ground biomass 
(discussed in Chapter 7) acting to inhibit or facilitate flow through the marsh. 
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 A study of root production in Louisiana revealed that production varies seasonally, with 
peaks in mid-summer and early winter and that there was a correlation between new root and 
stem production. Root production slows and terminates in mature plants that die shortly after this 
occurrence (White et al., 1978). While another study in Georgia found production peaks in 
February and fall (Schubauer & Hopkinson, 1984), it is probable that patterns in Apalachicola 
more closely resemble those observed in Louisiana because of their close location proximity and 
similar marsh grass species, salinities, and temperatures. It was also found that for Spartina 
cynosuroides there were 2.4 times more live biomass below ground than above ground and 
below ground production was 1.6 times that of above ground production for Spartina 
alterniflora.  
8.2 Marsh Sediment Core Collection 
 Sediment core data similar to the collection performed here was collected in Georgia 
(Craft et al., 2009), Rhode Island (Bricker-Urso et al., 1989), and San Francisco Bay salt 
marshes (Stralberg et al., 2011). However, as Morris et al. (2002) point out, primary production 
is spatially variable depending on the temperature and tidal range in the region of interest. 
Because of variable vegetation production and decomposition rates, and a lack of data on 
northern Gulf coast marsh production, the collection of sediment cores in the Apalachicola 
system is essential to creating an accurate marsh model.  
 Thirty 50-centimeter long sediment cores were collected in March 2012 in one of 
Apalachicola’s marshes according to the procedure described in section 4.1.3 to quantify below 
ground production. These cores were purposefully collected around the sediment elevation tables 
(SET) in the marsh (Figure 68). Ten cores were collected around each SET (Figure 69). The 
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analysis of these cores will be complimented by future SET measurements. The area will also be 
well classified by the biomass curve(s) resulting from the marsh organs in the same marsh 
(Figure 68). 
 




Figure 69 Location of 50-cm sediment cores (yellow) in salt marsh, ten cores each at SET 3 (a), SET 1 (b), and 
SET 2 (c) and three marsh organs (MO, blue) 
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 All 30 cores were analyzed for organic content in 5-centimeter sections (10 per core). 
The results of this ongoing analysis will provide below ground production rates for the two 
targeted samples species (Spartina cynosuroides and Juncus roemerianus) in these salt marshes. 
This data will be integral to the accurate description of organic accretion and primary production 
in the Apalachicola marshes in the marsh model as the current version of the model uses similar 
data from Atlantic coast marshes and is not applicable to the northern Gulf of Mexico.  
8.3 Marsh Sediment Core Results 
 Analysis of the 30 50-centimeter sediment cores was completed by analyzing each 5-
centimeter section for percent of organic matter. Results for each 5-centimeter section are 
presented (Error! Reference source not found. through Table 22 Appendix B). The results of 
cores based on location are discussed below.  
 Results of ten sediment cores (five Juncus roemerianus and five Spartina cynosuroides) 
are presented from SET 1 (Figure 70). The organic matter per each five centimeter section of the 
50-centimeter core was analyzed separately and plotted against the average depth for each 
respective section. The organic matter content in the S. cynosuroides and J. roemerianus samples 
ranged from 31% to 65% and 31% to 62%, respectively. The majority of the samples (regardless 
of species) exhibit the same general trend (exceptions to trend are SC19 and SJ12). Organic 
matter in the 0-5-centimeter section (upper most portion of marsh table) varied between 42% and 
55% for these samples. In the 5-10 centimeter section, every sample had an increase in organic 
content (54% to 60%). Organic matter peaked in this section for half of the samples, and the 
remaining samples organic matter peaked in the next section representing 10-15 centimeters 
(52% to 63%). The organic matter in the two exceptions peaked in the 0-5 centimeter section. 
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Below 20 centimeters, all general decrease in organic matter was observed with increasing depth 
for all samples (Figure 70). There is little difference in trend between the two marsh grass 
species at SET 1.  
 Five S. cynosuroides and five J. roemerianus samples from SET 2 are presented. The 
organic content in the S. cynosuroides samples ranged from 14% to 54% and from 20% to 48% 
for the J. roemerianus samples (Figure 70). Each of these samples exhibits an increase in organic 
matter between the 0-5 and 5-10 centimeter sections. The peak in organic matter for all samples 
occurred in the 5-10 centimeter section. Unlike SET 1, there appears to be a notable difference 
emerging between the different species. The organic matter peak for S. cynosuroides samples 
was between 47% and 54% and the peak for J. roemerianus samples was between 38% and 48% 
(Figure 70). In the top 20 centimeters of the samples, S. cynosuroides samples had a higher 
percent of organic matter than the J. roemerianus samples. In the lower 30 centimeters of the 
samples the relationship is reversed where J. roemerianus samples had a higher percent of 
organic matter than S. cynosuroides samples. After the peak in organic matter in the 5-10 
centimeter section, the percent of organic matter in S. cynosuroides samples generally decreased 
with increasing depth while the percent of organic matter in J. roemerianus samples remained 
relatively constant with increasing depth.  
 Organic matter in the SET 3 cores range between 10% and 70% (Figure 71). The five S. 
cynosuroides and five J. roemerianus samples exhibit minor trends based on species. At SET 3, 
organic matter for all cores peaked in the 5-10 centimeter section and (generally) decreased with 
depth (SJ12 is exception). The peaks in this group were between 64% and 70%, the highest and 
most concentrated of the three locations (Figure 71). In the 10-15 centimeter section, S. 
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cynosuroides samples have a higher percent of organic content (58% to 65%) than J. 
roemerianus samples (48% to 56%). This distinction between the two species in the 10-15 
centimeter section resembles the different trends between the two species observed at SET 2. 
The percent of organic matter in the lower 30 centimeters of the samples were not 
distinguishable by species (Figure 71).  
 Percent of organic matter peaked between depths of 5 and 15 centimeters at all locations. 
This was generally an increase in organic matter form the 0-5 centimeter section to the 5-15 
centimeter sections. Organic matter decreased with depth in the lower 30 centimeters of the 
sediment core samples. In some locations species specific trends emerged. In these locations, S. 
cynosuroides samples exhibited a higher percent of organic matter than J. roemerianus samples. 
It was also observed that while organic matter in J. roemerianus samples did decrease with 





Figure 70 Organic content (%) with depth for SET 1 and SET 2 50-centimeter sediment cores for Spartina 



















Organic Matter (%) 
SET 1  
SC17 SC18 SC19 
SC20 SC21 SJ12 




















Organic Matter (%) 
SET 2  
SC02 SC03 SC04 
SC05 SC06 SJ07 





Figure 71 Organic content (%) with depth for SET 3 50-centimeter sediment cores for Spartina cynosuroides 
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8.4 Organic Content Implications 
 Organic content in salt marshes can contribute to marsh platform accretion (Mudd et al., 
2010). Including organic content in a marsh model is crucial to simulate accurate accretion rates 
through time, especially in long-term predictions such as SLR scenarios (Morris et al., 2002; 
Reed, 1990). Chapter 7 discussed the importance of quantifying primary production on a local 
basis due to its variability. This extends to assessing organic content in the marsh platform for 
accretion purposes as a large portion of the organic content results from the rhizomes of the 
marsh grasses.  
 The interconnectivity of the system comes into play again in this process. Accretion has 
been found to significantly increase when primary production increases (Morris et al., 2002). 
While a portion of the accretion results from additional trapping of suspended sediments in the 
grasses and increased settling time during inundation, a large portion comes from the 
decomposition of the robust underground root system supporting the increased above ground 
biomass. The cores studied from the Apalachicola salt marsh yield information about the growth 
of the marsh grasses locally and how it will affect the accretion rates in long-term model 
predictions.  
 A regional view of the average organic matter around the three SETs also reveals some 
spatial characteristics and depositional patterns of organic content. The three SETs are situated 
along a tidal creek with increasing distance from the mouth at East Bay. The average organic 
content from each sediment core (per 5-centimeter section) were averaged with the other cores 
from the respective species and SET. This average organic matter percentage was mapped by 
SET location for S. cynosuroides and J. roemerianus cores (Figure 72 and Figure 73). The 
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average percent of organic matter for all cores was between 30% and 50%. SET 2 was closest to 
the mouth of the tidal creek and had the lowest percent of organic matter (33% J. roemerianus 
and 31% S. cynosuroides) and SET 3 was the farthest from the mouth of the tidal creek and had 
the highest percent of organic matter (49% J. roemerianus and 50% S. cynosuroides, Figure 72 
and Figure 73). The percent of organic matter in the sediment cores was higher for J. 
roemerianus cores at SET 1 and 2, but lower at SET 3.  
 This pattern indicates that the organic matter in this marsh primarily originated from 
below ground vegetation and secondarily from suspended solids. There are two reasons to 
propose the primary origin of the organic matter as below ground biomass decomposition. First, 
if the organic matter were resulting from deposition during inundated periods (from tidal cycle), 
it would be expected to see the organic matter peak in the top section of the sediment cores (0-5 
centimeters), which was not observed. Published marsh accretion rates in Apalachicola are 2.71 
mm/year, which would result in five centimeters of accretion over approximately 18.5 years 
(Ladner et al., 1999). Therefore, organic matter in lower portions of the marsh platform likely 
results from decomposition of below ground biomass. Second, the average of organic matter was 
lower at the mouth of the tidal creek than it was farther in the marsh for both species. Organic 
matter would likely be higher at the mouth of the tidal creek if large amounts were being 
deposited through the tidal cycle as locations close to the mouth experience a larger tidal range 
and more inundation cycles. However, tidal inundation is still responsible for a portion of the 
organic matter through deposition which dictates the need to obtain accurate topographic 
measurements to ensure that realistic inundation is simulated in the hydrodynamic model. 
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 The patterns described by the results from these sediment cores are important to validate 
a marsh model to ensure that long-term predictions can take into account accretion rates. The 
evolution of these rates will also be important in the model and sediment core samples in 
subsequent years would be beneficial to assess temporal variations.   
 










8.5 Suspended Solid Transport Observations 
 The sediment core results in section 8.4 indicate that more of the organic matter in the 
marsh comes from below ground biomass; however, organics in river sediments from the 
Apalachicola River still contribute to the platform elevation. The sediments in the river were 
reflected in the TSS concentrations, and it was determined in Chapter 5 that hydrodynamic and 
meteorological forcings influencing TSS concentrations are highly variable. This is especially 
true once sediments exit the river and enter the bay system. Complex tidal circulations and winds 
create unique patterns (i.e. tide range and currents) in the bay each day (Livingston, 1984). This 
phenomenon can be seen in photographs at a location on the east shore of East Bay taken on two 
sequential days (Figure 74). High TSS concentrations in the water were observed on March 9, 
2012 and low concentrations were observed on the next day at the same location. From the 
brown color, the TSS seen in the photograph on March 9
th
 likely had a high organic fraction 
(Figure 75). A photograph of the same location the next day shows that there were little to no 
visible suspended solids in the water, and dark lines of deposited sediments were noticeable on 
the beach (Figure 75). This illustrates what occurs on marsh platforms when TSS concentrations 
are elevated and high tides inundate marsh areas. When the tide recedes, it deposits sediments 
and organics carried in by the spring tide as seen in Figure 75. While the suspended solids in 
these photographs were likely not deposited directly on the marsh platform due to a small berm, 
it is likely that they were transported up the tidal creek and adhered to marsh grasses during 
inundation (Figure 74). Precipitation events wash these sediments and organics from the plant 
stems and they settle on the marsh platform surface contributing to accretion. 
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 TSS and VSS concentrations from the river (from the analyzed water samples) could be 
compared to observations such as this in the future to determine the portion of accumulated 
organics on the marsh platform that come from the Apalachicola River. These data can also be 
compared to the rates of primary production and decay that are calculated for the region from in 
situ sediment cores. Ideally, these values combined with sedimentation would equate to accretion 
measurements taken at the three SET locations enabling a higher level of accuracy in the marsh 
model. 
 




Figure 75 Suspended sediments in East Bay on March 9, 2012 (left) and the same location on the following day 





CHAPTER 9. TIDAL CIRCULATION MODELING 
 This chapter will present the numerical model used to study tidal circulation in 
Apalachicola Bay, FL.  
9.1 Numerical Model Description 
 The numerical code, ADCIRC-2DDI (ADvanced CIRCulation 2-Dimensional Depth 
Integrated, henceforth referred to as ADCIRC), solves the shallow water equations to simulate 
water levels and currents. ADCIRC has been verified and validated to model long-wave 
processes (i.e. horizontal extent of the wave is very large compared to the depth of water) in 
oceanic and coastal waters (Kolar et al., 1994; Westerink et al., 1994). ADCIRC is especially 
useful for modeling tides and hurricane storm surge from the deep oceans to coastal regions for 
large-scale domains with high levels of resolution as a result of the unstructured mesh and a 
robust parallelization of the code (Bunya et al., 2010; Dietrich et al., 2011a; Dietrich et al., 
2011b).  
9.2 Governing Equations 
 The shallow water equations are solved in full nonlinear form for water level (ζ) and 
velocity in the x- and y-directions, U and V, respectively. The primitive form of the continuity 
(Eq. 9.1) and the momentum equations (Eq. 9.2 and Eq. 9.3) are discretized in space by linear 
finite elements and in time by a finite difference scheme, and expressed in a Cartesian coordinate 
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 (9.3) 
where ζ = free surface height above the datum; U, V = depth-averaged horizontal velocities; H = 
ζ + h = total water column; h = bathymetric depth relative to the datum; f = 2Ωsinϕ = Coriolis 
parameter; Ω = angular speed of the Earth; ϕ = degrees latitude; ps = atmospheric pressure at the 
free surface; ρo = reference density of water; g = acceleration due to gravity; η = Newtonian 































= y-direction depth integrated horizontal diffusion/dispersion; Eh2 = 
horizontal eddy diffusion/dispersion coefficient.  
 The Newtonian equilibrium tide potential is expressed as (Reid, 1990): 
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  (9.4) 
where Cjn = constant characterizing the amplitude of tidal constituent n of species j; 
TP
jnf = time-
dependent nodal factor; 
TP
jnv = time-dependent astronomical argument; j = 0, 1, 2 = tidal species (j 
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= 0, declinational; j = 1, diurnal; j = 2, semidiurnal);
2
0 3sin 1L   ;  1 sin 2L  ;  
2
2 cosL 
; λ,   = degree longitude and latitude, respectively; t0 = reference time; 
TP
jnT = period of 
constituent n of species j.  
 Rather than solving the continuity equations in primitive form, ADCRIC uses the 
generalized wave continuity equation (GWCE), which reduces numerical instabilities and 
spurious mode problems when using a finite element scheme (Kinnmark, 1985; Westerink et al., 
1994). The reformulated continuity equation in spherical coordinates using the GWCE 
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where τ0 is a GWCE weighting factor in space and time and R is the radius of the Earth (all other 




9.3 Bottom Friction Formulation 
 Bottom stress (
* ) from Eq. 9.2 and Eq. 9.3 can be computed as a function of the depth 











  (9.6) 
 where Cf = bottom friction coefficient; U, V = depth-averaged horizontal velocities; H = ζ + h = 
total water column; ζ = free surface elevation height above the datum; h = bathymetric depth 
relative to the datum. This formulation assigns a uniform Cf throughout the domain; however, 
Luettich and Westerink (2006) developed a hybrid formulation where bottom friction varies with 
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 (9.7) 
where Cfmin = minimum bottom friction coefficient; Hbreak = break depth; θ = dimensionless 
parameter controlling how rapidly the bottom friction coefficient approaches its upper and lower 
limits; γ = dimensionless parameter controlling how quickly the bottom friction coefficient 
increase as water depth decreases. When the water column depth exceeds the break depth (H > 
Hbreak), Cfmin equals its user defined constant. When the water column depth is less than the break 








  (9.8) 
where g = acceleration due to gravity and n = Manning’s roughness coefficient.  
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9.4 Model Setup 
 The model used was validated for Franklin, Wakulla, and Jefferson (FWJ) Counties in 
northern Florida (Figure 76) (Atkinson et al., 2011; Coggin et al., 2011; Salisbury et al., 2011). 
The area of interest (Apalachicola region) was cut from the FWJ mesh to analyze tidal 
circulations and to eventually incorporate localized winds (Figure 76). The DEM of the model 
was derived from airborne topographic LiDAR elevation data (Figure 77) (Coggin et al., 2011). 
Bottom friction parameterization was carried out using the Manning’s n parameterization (Eq. 
9.8). Manning’s n varies throughout the domain and is parameterized using landcover data. 
NLCD and GAP data were converted to Florida Fish and Wildlife Commission (FWC) 


























Figure 77 Mesh with bathymetry in Apalachicola Bay region 
 
   
Gulf of Mexico 
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 A 30-day simulation was performed from May 29, 2011 through July 27, 2011. Tidal 
simulations were forced with seven tidal constituents (K1, O1, M2, S2, N2, K2, and Q1) as water 
levels at the open ocean boundary (Figure 76) along with tidal potential in the interior of the 
domain (Eq. 9.4). The open ocean boundary conditions were generated from a tidal simulation 
using the previously validated 53K mesh (Hagen et al., 2006). Historical daily river flow from 
the Apalachicola River was included for the simulation period (Figure 78) (USGS, 2012). Model 
forcings were ramped from a cold start over a 10-day period and ran under steady conditions for 
additional 5-days. Total simulation length was 30-days with a 1-second time step. The last 15-
days (day 16 to 30) of the simulation were analyzed for tidal circulation (Table 13).  
 
Figure 78 Streamflow at river inflow boundary for June 13, 2011 through June 27, 2011 




































9.5 Model Performance 
 Modeled water levels at the mouth of the Apalachicola River were compared to observed 
water levels at NOS gage station 8728690 (Figure 80). These water levels were plotted after the 
ramping and steady state periods for June 13, 2011 through June 27, 2011 (Figure 79). The phase 
of the modeled tidal signal is generally in phase with the observed tidal signal. A slight lag 
occurred between June 22 and 26, 2011, but the phase was well matched throughout the 
remainder of the simulation. In the beginning of the simulation, the range of modeled water 
levels exceeded that of the observed water levels and in the last three days of the simulation 
observed water levels exceed modeled water levels. This simulation included tides and river 
inflow and did not include winds. Two daily peaks in water level indicate that the semi-diurnal 
tidal signal is being captured. Before an assessment of winds can be made, the tidal circulation in 
the system without it must be understood. Overall the model performs well at the interface 
between the Apalachicola River and Apalachicola Bay (NOS 8728690). 
 
































Figure 80 Model bathymetry and NOS Gage Station 8728690 located in the mouth of the Apalachicola River  
9.6 Tidal Circulation 
 Literature states that the tidal signal is strong on the eastern side of the bay and fades 
westward (Huang et al., 2002). This phenomenon is a reflection of the convergence of the semi-
diurnal tides of southwestern Florida and diurnal tides of northwestern Florida, and resistance 
caused by friction in the shallow bay (Huang et al., 1999; Livingston, 1984). The tidal simulation 
of the Apalachicola region reflects the converging tides in Apalachicola. The highest maximum 
water levels occurred in the eastern portion of the bay and decrease with distance traveled west 
(Figure 81). The dominant tidal constituent on the eastern side of the bay is M2 and this 





Figure 81 Maximum water levels from tidal simulation (May 29, 2011 - July 27, 2011) of Apalachicola region 
 





 Because of the strong M2 component from the east, a large amount of tidal energy enters 
the Apalachicola Bay through St. George Sound. A notable influence on the water levels in the 
bay system is Bulkhead Shoal (Figure 82). This man made barrier extending from the main coast 
to the barrier island dampens the tidal signal coming from the east (predominately M2). 
Maximum water levels decrease from approximately 0.6 meters to 0.5 meters as energy is 
dissipated through the shoal. Water levels continue to decrease across the west side of the bay to 
approximately 0.4 meters. Higher maximum water levels were recorded throughout East Bay 
compared to Apalachicola Bay (Figure 82). The water levels in East Bay are influenced by the 
M2 tide through the north channel opening of Bulkhead shoal and by river inflow from the 
Apalachicola River distributary system. The constant influx of freshwater from the river 
promotes higher water levels in East Bay and delivers nutrients to the surrounding marsh system. 
 Water levels were recorded at two oyster ladders (a tangential portion of the EESLR-
NGOM project), the NOS gage station, salinity recording stations at Cat Point and at Dry Bar, 
and a water quality recording station in East Bay (Figure 83). It is important to first inspect water 
levels at these stations without wind forcings to understand tidal circulation within the bay. In a 
tide and river inflow simulation, these influences can be isolated, and wind impacts can be 
analyzed in future work.  
 Plotting modeled water levels at each oyster ladder allows a comparison of the tidal 
signal at these two locations in St. George Sound (Figure 84). The phase of the tidal signal is 
matched well throughout the simulation. Amplitude is similar, but oyster ladder two (located 
south of oyster ladder one) has a larger range in amplitude than oyster ladder one. The tidal range 
at oyster ladder one is approximately 97.5 centimeters and the range at oyster ladder two is 
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approximately 105 centimeters, a difference of almost eight centimeters. While eight centimeters 
is a small amount of water, it has the potential to induce varied production between the two 
locations due to the sensitivity of oysters. 
 




 A comparison of modeled water levels at Cat Point and Dry Bar reveals a much greater 
difference in water levels than was observed between the two oyster ladders (Figure 84). Based 
on literature, a greater difference in tidal range would be expected between these two locations 
because of the decreasing M2 amplitude and the dampening effects of Bulkhead Shoal. (Huang 
et al., 2002). Cat Point is located on the east side of Bulkhead Shoal while Dry Bar is located to 
the west of this shoal (Figure 83). The maximum water levels from the tidal simulation 
confirmed this expectation. The tidal range at Cat Point was 97.5 centimeters (equivalent to 
oyster ladder 1 due to their close proximity) and the range at Dry Bar was approximately 70 
centimeters (Figure 84). The difference in tidal range of nearly 30 centimeters between these two 
points could impact not only oyster productivity, bur other aquatic species as well. 
 Finally, modeled water levels were compared between the NOS gage station and the East 
Bay monitoring station (Figure 85). These two stations exhibited a notable difference between 
tidal ranges of over 15.5 centimeters. Water levels were higher at East Bay partially due to the 
influence of the M2 signal. Because of the dampening effects of Bulkhead Shoal on the M2 
signal, it is likely that a larger portion of these heightened water levels were from river inflow. 
East Bay receives a large amount in river inflow through the distributary system of Apalachicola 
River. The increased freshwater flow in this area promotes fresh water mixing and creates 




Figure 84 Modeled water levels at oyster ladder one (OL1) and two (OL2, top) and at Cat Point (CP) and Dry 
Bar (DB, bottom) 




















































Figure 85 Modeled water levels at the NOS gage station and East Bay monitoring station 
 Comparing velocities and water levels from different times in the tidal cycle shows the 
general water circulation patterns in Apalachicola. At a snapshot during low tide, water levels in 
the bay were higher than the Gulf of Mexico and river inflow entering the bay exited through all 
five inlets (Figure 86). Increased velocities were noted at constricted areas such as inlets and 
around Bulkhead Shoal. Higher water levels were also noted on the west side of Bulkhead Shoal 
than the east side because water (and associated suspended sediments and nutrients) were 
trapped behind the shoal, unable to exit quickly through channel openings (Figure 86). Complex 
circulation patterns in the bay are apparent during spring tide. As the tide begins to penetrate the 
passes into the bay, it collided with river flow exiting the Apalachicola River (Figure 87). These 
two opposing velocities and forced water into East Bay. Water entering the bay system from the 






























the channel openings, similar to the low tide build up on Bulkhead Shoal (Figure 88). Water 
levels in the Gulf of Mexico were higher than in the bay system as they were similarly separated 
by the barrier islands. The incoming tide was also making its way into the Apalachicola River, 
and flow in the lower portion was directed upstream, while flow in the lower portion was 
directed downstream (Figure 88). One key occurrence at each phase of the tidal cycle is the 
buildup of water behind barriers, which also inhibits the transport of suspended sediments and 
nutrients.  
 






Figure 87 Water levels and velocities at 4:00 AM EST (spring tide) on June 15, 2011 
 







  The hydrodynamic simulation provides a detailed analysis of the tidal circulations and 
water levels in the Apalachicola Bay system. The model performs well at the NOS gage in the 
mouth of the Apalachicola River and observed water levels agree with documented tidal patterns 
in referenced literature. Circulation patterns are broken by the barrier islands and Bulkhead 
Shoal. During spring and ebb tides, water builds up on the incoming side of these barriers. This 
type of build up will dampen flow velocities in addition to sediment and salinity transport. Water 
velocities are increased through the inlets as water is exchanges between the bay and Gulf of 
Mexico. Tides also penetrate the Apalachicola River reversing flow at high tide. Adding wind 
forcings in the future will enable a comparative analysis of between that and the tide and river 
inflow simulation discussed here. This simulation provides a foundation for the interdisciplinary 
nature of this project. The information gathered here will be shared with biologists, enabling a 
better understanding of species reactions in the system and potentially an analysis of their 
sensitivity to water levels, salinity, and suspended solids.  
9.7 Model Coupling for Salinity Predictions 
 Saline water circulates freely between Apalachicola Bay and the Gulf of Mexico through 
five open passes (Huang et al., 1999). Freshwater inflow from the Apalachicola River dilutes 
saline water in the bay and complicates circulation patterns. Salinity values near the river mouth 
have been recorded as low as 0.5 ppt while salinities of up to 30 ppt have been recorded in other 
areas of the bay away from fresh water river influences (Isphording, 1985; Livingston, 1984). A 
modified version of the Princeton Ocean Model (POM) was implemented in Apalachicola Bay to 
investigate the influences of freshwater inflow into Apalachicola Bay from the Apalachicola 
River and resulting salinity responses (Wang et al., 2008). This three-dimensional model of 
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Apalachicola Bay was calibrated and validated against data sets from 1985 – 1986 and 1993 and 
hydrodynamics at each of the five free flowing passes were forced with a harmonic analysis of 
tide data (Figure 89) (Wang et al., 2008). Salinity was monitored at Dry Bar and Cat Point from 
June 10, 2005 to July 20, 2005, including Hurricane Dennis (Figure 89). Simulations revealed 
complex circulation patterns influenced by river discharge and winds in addition to tidal 
circulation through the passes. 
 
Figure 89 Salinity observation stations (black), 3D POM model nodes (red), and open passed where 
hydrodynamic information must be provided to the 3D POM model (blue star) 
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 Running simulations with and without winds showed that the model did not capture 
salinity concentrations accurately without wind and performed very well when wind was 
included (Huang et al., 2011). The tidal circulation patterns discussed in section 9.6 can be used 
to force this model at the five open passes. By coupling these modes, water levels and velocities 
from the hydrodynamic model will provide the POM model updated information at each time 
step. This will greatly improve long-term salinity calculations throughout the bay system. 
Describing salinity fluctuations in various SLR scenarios in this way can provide a basis for 
biologic assessments of oysters and marsh grasses in addition to other species of the ecosystem. 
Future simulations with wind forcings should improve the accuracy of modeled predictions to 
match field observations. Simulations including wind forcings run over a 45-day period can also 





CHAPTER 10. FUTURE SEA LEVEL RISE APPLICATIONS 
10.1 Coupling Hydrodynamic, Sediment Transport, and Marsh Models 
 The complex nature of estuaries creates challenges when modeling the dynamic physical 
processes of their systems (tides, freshwater inflow, saltwater mixing, wind, waves, sediment 
transport, biomass production, etc.). No single model exists that can accurately represent each 
process in the desired detail; therefore, multiple models are commonly used in the description of 
such systems (Mudd et al., 2010). In the future of this project, hydrodynamic, sediment transport, 
and marsh equilibrium models will be coupled to simulate SLR scenarios in the northern Gulf of 
Mexico. The most important aspect of using multiple models is successfully coupling them to 
engage in active feedback loops (Stralberg et al., 2011). To obtain valid predictions of SLR 
scenarios, a dynamic approach to SLR (modeling tides, winds, geomorphology, and other related 
components as they evolve with rising water levels) as opposed to a static approach (modeling 
all components at a water level specified some height above present day MSL) will be applied 
(Hagen & Bacopoulos, 2012; Hagen et al., 2012). Under this dynamic modeling approach, 
components in each model change through time. Changing a given component in one model can 
induce changes of multiple components in the other models. Communicating these changes 
between models through each time step will depict the changing environment as increasing water 
levels alter it.  
 Tidal circulation dictating marsh inundation is described in the hydrodynamic model and 
the marsh model depends on this information to predict biomass production among numerous 
other processes. In previous modeling efforts, hydrodynamic inputs for a marsh model were 
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either results from an independent hydrodynamic simulation or calculated on an increasing linear 
trend (Morris et al., 2002; Stralberg et al., 2011). These approaches lack the ability of coupled 
models to exchange information during run time and reflect alterations of associated physics 
within their own computations. As sea level rises, it is expected that inundation periods in marsh 
systems will increase. However, these changes to the marsh hydroperiod will be spatially 
variable as demonstrated by Hagen et al. (2012). 1998An extended hydroperiod in the marsh 
(described by the hydrodynamic model) will allow for additional deposition (or in some cases the 
washing away of) of organics (described in the sediment transport model) that can increase 
primary productivity or drown vegetation in the marsh (described in the marsh equilibrium 
model) (Marion et al., 2009).  
 Considering increasing production, biomass in the marsh may become denser and 
influence the ability of inundating water to travel through it along with the time suspended 
sediments will have to settle or adhere to biomass. It is crucial that the hydrodynamic model 
describes tidal creeks within the marsh in detail and includes an accurate marsh table elevation 
because an error in either of these can result in a completely inaccurate representation of 
subsequent physical processes that build on these descriptions (Morris et al., 2002). An 
assessment of the resolution of the hydrodynamic model should be performed to select the best 
resolution for the intricate tidal creeks that economizes computational time. Inaccurate boundary 
conditions, initial marsh platform elevation, and tidal creek representations will all lead to 
intensified inaccurate predictions once a SLR scenario is introduced to the models. 
 Boundary conditions for the hydrodynamic model have been identified through the 2011 
and 2012 sampling. Literature suggests that streamflow is primarily responsible for TSS 
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concentrations (Edmiston et al., 2008a; Kofoed, 1961). While streamflow is responsible for base 
level TSS concentrations observed, it lacks the ability to induce spikes in concentration. This is 
because the Apalachicola River begins at the Jim Woodruff Dam where flow is controlled. 
Consequently, suspended sediments from the Chattahoochee and Flint River basins have time to 
settle in the resulting Lake Seminole. By the time flow leaves the dam and enters the 
Apalachicola River, there is a relatively constant sediment flux entering the river. The 
hydrodynamic model can model this as a closed system by creating a river inflow boundary 
condition with a sediment influx (in the coupled sediment transport model) that varies seasonally 
(to reflect wet and dry season base level concentrations). Subsequent forcings (tides and winds) 
will provide the necessary local conditions that influence TSS concentrations.     
 The coupled sediment transport model will be integral to modeling the Apalachicola 
River Basin as a closed system. Under the assumption that sediment influx entering the 
Apalachicola River will represent the base level TSS concentrations, the sediment transport 
model will simulate runoff from local precipitation events that influence concentration spikes. 
The coupling of these two models throughout this process will enable precipitation and wind 
influences on concentrations to simultaneously interact and predict the future of these processes. 
If the sediment transport model does not provide accurate descriptions of sediment transport to 
the hydrodynamic and marsh models, inundated areas and durations will be inaccurate. An open 
feedback loop between the sediment transport model and hydrodynamic model is necessary to 
represent these morphological changes throughout a simulation.  
 This suite of coupled dynamic numerical models will provide state of the art predictions 
for various SLR scenarios in the northern Gulf of Mexico. The coupling of numerical models 
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describing different physical processes of an ecosystem is not limited to the northern Gulf of 
Mexico. This process can be applied to ecosystems throughout the world and can greatly 
improve the accuracy of long-term predictions. The process of in situ sampling to parameterize 
and validate the numerical models being used is also an important step of this process. This 
document has shown that multiple processes have characteristics that vary regionally and these 
traits should be quantified in the area of interest to have a truly dynamic model.  
10.2 Enhancing Salinity Transport Model 
 The 3D salinity transport Princeton Ocean Model (POM) utilized in Apalachicola Bay by 
Wang et al. (2008) can be updated with several products from this project and utilized in future 
assessments of marsh grass, oyster productivity (an ongoing experiment in the overall project), 
and responses to various SLR scenarios. The first update may be the enhancement of the 
boundary conditions at the five open passes between the Apalachicola Bay and the Gulf of 
Mexico (Figure 90). As hydrodynamic movements through these passes are the cornerstone of 
salinity movement in and out of the bay, it is imperative to have the most accurate and up to date 
description of these in each modeled time step. The model previously utilized a harmonic 
analysis of tidal data to force boundary conditions at each of the passes (Wang et al., 2008). This 
method does not allow for altered hydrodynamics through time (resulting from morphodynamic 
changes, for example). While this type of boundary condition is acceptable for simulations of 
storm events and near future predictions, it is not well suited for simulating events far into the 
future with the intention of assessing various SLR scenarios. To solve this, outputs from the 
hydrodynamic model in this project can be used throughout the simulation at each open 
boundary for input boundary conditions (Figure 90). This will allow for any flow variations due 
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to morphodynamic or other changes to be reflected in the salinity transport model during run 
time.  
 POM simulations with and without wind during a storm event show the effect wind has 
on transport in the system. Hurricane Dennis was simulated with and without wind forcings and 
predicted salinity levels at Dry Bar and Cat Point were compared to the respective salinity 
monitoring stations in Apalachicola Bay. The simulation without wind predicted some salinity 
variations but it is apparent that the model did not predict event based fluctuations well at either 
location (Figure 91). Adding wind forcings allowed the model to better capture the event based 
fluctuations at both locations (Figure 92). 
 
Figure 90 Finite element mesh from hydrodynamic model (black) with salinity transport surface nodes (red) and 
boundary condition locations (blue star) overlaid on hydrodynamic model bathymetry   
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Figure 91 POM salinity predictions at Dry Bar and Cat Point without wind forcings (Huang et al., 2011) 
 
Figure 92 POM salinity predictions at Dry Bar and Cat Point with wind forcings (Huang et al., 2011) 
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 Additionally, in situ salinity measurements were taken with each water sample (sampling 
point TSS000) at the mouth of the Apalachicola River (Figure 16 in Chapter 4). Salinity values 
were recorded multiple times per day as dictated by the water sampling schedule, for fourteen 
consecutive days in wet and dry seasons (Table 4 and Table 5 in Chapter 5). These data points 
can be utilized for further validation of the model. Another benefit of utilizing salinity values at 
this location, aside from providing an additional validation point, is its location compared to 
other salinity validation locations. Points previously utilized for validation were located in the 
bay, while the salinity data collected here is from the mouth of the Apalachicola River (Wang et 
al., 2008). This could give additional insight on the fresh and saline water interactions 
throughout the tidal cycle and help create a more accurate representation of the river inflow 
conditions. Furthermore, on the latest sampling mission (March 2012), salinity values of 
individual water samples were taken in addition to surface measurements (Table 15). This gives 
a depth-integrated salinity value which in most cases was higher than the surface value indicating 
the presence of a salt wedge, which can be realized in the 3D components of the POM. 
10.3 Broad Application of Sampling Methods 
 Each of the sampling schemes in this work was designed to meet specific goals in 
Apalachicola, FL; however, they were all designed to be repeatable in other ecosystems in the 
northern Gulf of Mexico, and could be applied in ecosystems throughout the world to meet 
similar goals. The samplers that were designed for this project were described in Chapter 4 and a 
full equipment list (including material to fabricate samplers) is provided in Appendix A. Field 
data should always be collected with caution with participant safety as a priority. 
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  Water sampling was conducted to characterize sediment transport trends in Apalachicola, 
FL by analyzing samples for TSS. To apply to other areas, regionally and globally, sampling 
should be conducted over a two week period to capture a full neap-spring tidal cycle. This will 
be especially important in tidally dominated systems. Frequency of sampling should be stressed 
in fluvial systems. In this study sampling every three hours was found to sufficiently capture 
fluctuating TSS concentrations, but sampling every one or two hours is encouraged when 
feasible. Care should be taken to collect the sample in the center of the river or stream of interest 
and upstream of disturbances created by participants. Obtaining a depth integrated sample is also 
important due to the presence of salt wedges and vertical stratification in these systems. At a 
minimum, duplicate samples should be collected for each sample to reduce variability. To 
characterize sediment transport trends, TSS concentrations can be compared to streamflow, tide, 
wind, and precipitation data. TSS data can be used to initialize and validate a sediment transport 
model in any region. 
 Sediment core samples can be analyzed for various purposes. If taken in a river, cores can 
be analyzed for particle size distribution. Various locations throughout the river should be 
sampled for comparison. This type of scheme can reveal the transport characteristics and 
depositional patterns of any river. The same scheme can be applied to a tidally dominated system 
by taking samples in tidal creeks and bays. For this type of analysis (bed sediment), sediment 
cores should be no less than 15-centimeters in length.  
 Sediment cores can also be taken from marshes and analyzed in segments to determine 
the percentage of organic matter in the marsh platform. Care should be taken when inserting the 
sampler to avoid compaction of soils, in addition to extracting the core from the sampler to avoid 
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damages to the core. Ideally, cores for this type of analysis should be more than 50-centimeters 
in length to allow for 5-centimeter sections to be cut in the field and analyzed separately. The 
segmentation technique allows for the classification of below ground biomass on a depth 
dependent basis.  
 Biomass samples were collected to determine the density of marsh grasses. These 
samples were compared to various types of remotely sensed data to develop an accurate 
description of the spatially variant biomass densities across the salt marshes. Much like the water 
samples, duplicate or triplicate samples should be taken for each location and averaged to 
provide a representative value. Location of samples should be considered when sampling in 
systems that receive sediments from multiple sources, and areas representative of each source 
should be sampled. A sampling scheme such as this is easily repeatable in another area, and it 
would be highly beneficial for subsequent studies to collect biomass samples and derive 
relationships with remotely sensed data as this study has introduced since marsh grass 
characteristics vary by location.  
 Collected field data will be applied to the three aforementioned numerical models in the 
future of this project. The published data is not limited to such applications and could be used for 
a variety of hydrodynamic and biologic assessments in the Apalachicola, FL region. While 
applications for the collected data presented in this document may be regionally specific, the 
methods developed and executed are not. Sampling methods may be applied to any estuarine 
ecosystem in the world to obtain similar data to parameterize and/or validate numerical models 
or remote sensing data sets.   
212 
 
CHAPTER 11. CONCLUSIONS AND FUTURE WORK 
 This thesis described field data collection conducted in Apalachicola, FL in 2011 and 
2012. Sampling methods for the collection of water, soil, and biomass samples were developed, 
implemented, and documented for repeatability in other ecosystems in the northern Gulf of 
Mexico. Hydrologic, meteorological and other conditions in Apalachicola were described based 
on the analysis of the collected samples.  
 Water samples were collected with a specifically designed depth-integrated sampler 
throughout the Apalachicola River, with a focus point at the mouth. Samples were tested for 
total, fixed, and volatile suspended solids. Fluctuating concentrations were compared to 
corresponding streamflow, precipitation, tidal circulation, and wind conditions to determine the 
driving forces behind TSS concentration fluctuation, and in turn the sediment flux exiting the 
river into the bay. Streamflow was determined to be primarily responsible for a base level 
concentration of TSS but the least influential on concentration fluctuations. Base level 
concentrations appear stable because inflow (and in turn suspended sediment) to the 
Apalachicola River controlled by the Jim Woodruff Dam. With this, TSS fluctuations influenced 
by streamflow tend to be seasonal due to upstream hydrologic events in the Chattahoochee and 
Flint River Basins. Therefore, it is recommended that the Apalachicola region be modeled as a 
closed system with boundary conditions specifying river inflow and a seasonal sediment influx at 
the Jim Woodruff Dam.  
 Tidal circulations and precipitation were determined to be partially responsible for TSS 
concentration fluctuations in a daily and weekly basis. Wind (direction and speed) appeared to be 
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the main driver of small TSS concentration variations, especially when conditions were such that 
winds from the north occurred during low water levels enabling resuspension of bottom 
sediments and thorough mixing. These effects are amplified in shallow systems as opposed to 
deeper ones. Precipitation was determined to be the primary influence of large TSS fluctuations; 
however, due to sparse precipitation events during sampling, it is recommended that more data 
be collected during storm events to sate this conclusively. While modeling the Apalachicola 
Basin as a closed system, including these local forcings will create the driving force behind 
fluctuating TSS concentrations. In the hydrodynamic and sediment transport model, accurate 
precipitation events, wind fields, and bathymetry will be crucial to generate accurate predictions.  
 Sediment cores were taken in the Apalachicola River and its tributaries to determine the 
particle size distribution of bed sediments. Samples from lower portions of the river contained 
almost exclusively fine sediments, indicating that coarser particles settled out of suspension in 
upstream portions of the river. This trend was also seen in one-time water samples taken on a 
Eulerian sampling mission on the middle portion of the Apalachicola River. TSS concentrations 
in these samples successively decreased with distance traveled downstream, indicating particle 
settling. Incorporating this settling phenomenon in the sediment transport model will help 
quantify the behavior of sediments after they enter the river system. The source of said sediments 
will primarily be from overland runoff resulting from precipitation events in the sediment 
transport model.  
  Sediment cores collected in a salt marsh were analyzed to determine the percentage of 
organic matter in the marsh platform, which had not been previously quantified in the 
Apalachicola region, or in great detail for Spartina cynosuroides. The preliminary analysis of 
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these samples show a peak in organic content in the 5-15-centimeter depth range. On average, 
30% - 50% of the sediment cores were organic matter. Completion of the sediment core analysis 
will allow for a quantification of accretion rated for the marsh model.  
 Biomass samples were collected and compared against satellite based passive optical and 
active remote sensing data to determine its accuracy since spatial variations in marsh grass 
densities can greatly affect outcomes in marsh modeling. The correlation between sampled 
biomass densities and various linear regression models was good; however, the data set was 
lacking in sample volume. With additional samples to create a more robust data set to support 
current findings, the developed regression models for predicting spatially variant biomass in the 
marsh system could be considered an improvement on other published efforts (Jensen et al., 
2002; Zhang et al., 1997). 
 Biomass classifications from remote sensing and in situ sampling regimes combined with 
the analysis of organic matter in the marshes have provided an unprecedented quantification of 
marsh grass behaviors in the Apalachicola region, specifically for the Spartina cynosuroides 
species. As present models base biomass predictions on Atlantic coast marsh grass production, 
incorporating this new information in the marsh model will greatly improve biomass estimates in 
the models under various SLR scenarios.  
 This work has resulted in a detailed profile of sediment transport, tidal circulations, and 
marsh processes for the Apalachicola region. The field data collection scheme was designed to 
be repeatable in other ecosystems in the northern Gulf of Mexico, and could be applied 
throughout the world.  
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 Future work includes collecting additional samples for more conclusive results. To 
confirm trends extracted from this data, water samples will be collected approximately every 
three hours at the same location at the mouth of the Apalachicola River in subsequent wet and 
dry seasons and compared against the results presented here. Collection of additional biomass 
samples are planned in Apalachicola River’s distributary system to confirm the correlation found 
between sampled density values and remotely sensed data. SET readings will continue and will 
provide accretion rates for the marsh model. The hydrodynamic, sediment transport, and marsh 
models will be coupled based on the recommendations provided and will produce dynamic 
predictions for Apalachicola’s ecosystem.  
 The sampling scheme developed in Apalachicola will be applied to Grand Bay, MS and 
Weeks Bay, AL in the next three years. The field data from these three locations will represent a 
fluvial dominated estuary, tidally dominated estuary, and a mixed estuary and will be used in the 
development and validation of the hydrodynamic, sediment transport, and marsh models that will 
be developed for the northern Gulf of Mexico. The coupling of these numerical models will 
provide unprecedented long-term predictions of the ecosystem’s physical processes. This 
document will allow for subsequent field missions to be completed in an efficient manner. 
Utilizing in situ data collected in these estuaries will ensure that the models developed for this 
region will accurately represent the physical processes in the northern Gulf of Mexico and yield 
accurate SLR predictions for future coastal management decisions.  
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 2-person kayak 
 2 paddles 
 2 low-profile life vests 
 Emergency bow/stern light 
 First aid kit 
 
Water Sampling Equipment 
 TSS sampler 
o 1- inch PVC pipe, 6 feet long 
o Rope 
o Racquet ball 
o Fastener 
 1-liter bottles 
 Funnel 
 Field notebook 
 Write-in-the-rain pen 
 Waterproof marker 
 Salinity/water temperature meter 
 Wind/air temperature meter 
 Handheld GPS 
 2-way waterproof radio 
 Waterproof pouch 
 Extra batteries 
 Digital camera 
 Cooler and ice 
 
Sediment Sampling Equipment 
 Sediment sampler 
o 4 inch diameter, 70 cm long 
aluminum pipe, bottom end 
filed sharp 
o Dowel/handle 
o Extended screw (length of 
pipe) 
o Protective cap for filed end 
 File 
 Serrated steak knives (2) with 
protective sheath 
 Plywood board (3 ft x 1.5 ft) 
 Extraction pole with 4” diameter 
push plate on end 
 10 1 quart Ziploc bags and 1 2 gallon 
Ziploc bag per core 
 Tape measure 
 Waders 
 Backpacks for equipment/samples 
 Handheld GPS 
 Field notebook 
 Write-in-the-rain pen 
 Waterproof marker 
 2-way waterproof radios 
 Waterproof pouch 
 Extra batteries 





Marsh Organ Inspection Equipment 
 Waders 
 Digital camera 
 Tape measure 
 Field notebook 
 Write-in-the-rain pen 
 Handheld GPS 
 Extra batteries 









Table 14 Schedule and Location of Water Samples in Apalachicola, FL 
  
Date Site ID Sample ID Latitude Longitude Date Site ID Sample ID Latitude Longitude 
6/19/2011 TSS16 611 T001 30.18438 -85.0864 6/22/2011 TSS21 611 T034 29.74692 -84.9463 
6/19/2011 TSS17 611 T004 30.14693 -85.0941 6/22/2011 TSS22 611 T035 29.7662 -84.9294 
6/19/2011 TSS10 611 T006 30.09917 -85.1124 6/22/2011 TSS18 611 T036 29.70855 -84.9761 
6/20/2011 TSS18 611 T008 29.70985 -84.9765 6/23/2011 TSS18 611 T037 29.70903 -84.9763 
6/20/2011 UNK02 611 T009 29.73582 -84.9863 6/23/2011 UNK02 611 T038 29.73666 -84.9868 
6/20/2011 UNK03 611 T010 29.75677 -85.0141 6/23/2011 UNK03 611 T039A 29.75707 -85.0149 
6/20/2011 UNK04 611 T011 29.75837 -85.0089 6/23/2011 UNK09 611 T039B 29.77758 -85.0488 
6/20/2011 UNK05 611 T012 29.7401 -84.9649 6/23/2011 UNK10 611 T040 29.78169 -85.0548 
6/20/2011 TSS21 611 T013 29.74713 -84.946 6/23/2011 UNK11 611 T041 29.77956 -85.0452 
6/20/2011 TSS22 611 T014 29.76662 -84.9298 6/23/2011 UNK12 611 T042 29.82479 -85.0249 
6/21/2011 TSS08 611 T015 30.0768 -85.0709 6/23/2011 UNK13 611 T043 29.82508 -85.0177 
6/21/2011 TSS07 611 T018 30.05178 -85.0733 6/23/2011 UNK14 611 T044 29.81018 -85.0068 
6/21/2011 TSS18 611 T020 29.70867 -84.9763 6/23/2011 UNK15 611 T045 29.80953 -85.0039 
6/21/2011 UNK03 611 T021 29.75665 -85.014 6/23/2011 UNK16 611 T046 29.8061 -85.0076 
6/21/2011 UNK04 611 T022 29.75835 -85.0087 6/23/2011 UNK17 611 T047 29.78127 -85.0148 
6/21/2011 UNK05 611 T023 29.74015 -84.965 6/23/2011 UNK18 611 T048 29.78343 -85.0112 
6/21/2011 UNK07 611 T024 29.74572 -84.9676 6/23/2011 UNK19 611 T049 29.78012 -85.0101 
6/21/2011 UNK08 611 T025 29.76265 -84.9711 6/23/2011 UNK04 611 T050 29.75866 -85.0091 
6/21/2011 TSS21 611 T026 29.74682 -84.946 6/23/2011 UNK05 611 T051 29.74003 -84.965 
6/21/2011 TSS22 611 T027 29.76638 -84.9298 6/23/2011 UNK07 611 T052 29.74627 -84.968 
6/21/2011 UNK02 611 T028 29.73557 -84.9859 6/23/2011 UNK08 611 T053 29.76317 -84.9715 
6/22/2011 UNK02 611 T029 29.73548 -84.9857 6/23/2011 TSS21 611 T054 29.74757 -84.9462 
6/22/2011 UNK03 611 T030A 29.75702 -85.0145 6/23/2011 TSS22 611 T055 29.76595 -84.9291 
6/22/2011 UNK04 611 T030B 29.75888 -85.009 6/24/2011 UNK02 611 T059 29.7357 -84.9856 
6/22/2011 UNK05 611 T031 29.73998 -84.9648 6/24/2011 UNK05 611 T060 29.74021 -84.9656 
6/22/2011 UNK07 611 T032 29.74597 -84.968 6/24/2011 TSS21 611 T061 29.74705 -84.5463 
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Table 14 Schedule and Location of Water Samples in Apalachicola, FL 
  
Date Site ID Sample ID Latitude Longitude Date Site ID Sample ID Latitude Longitude 
6/22/2011 UNK08 611 T033 29.76278 -84.9711 6/25/2011 TSS23 611 T063 29.9401 -85.0125 
6/25/2011 TSS01 611 T065 29.97759 -85.02 6/28/2011 UNK27 611 T099 29.87376 -85.0113 
6/25/2011 TSS15 611 T066 30.00022 -85.0094 6/28/2011 UNK28 611 T101 29.85374 -84.9733 
6/25/2011 UNK20 611 T070 29.98879 -85.0141 6/28/2011 UNK29 611 T102 29.81753 -84.9874 
6/25/2011 UNK02 611 T071 29.73608 -84.9854 6/28/2011 UNK30 611 T104 29.80327 -84.9671 
6/25/2011 UNK05 611 T072 29.74039 -84.9655 6/28/2011 UNK31 611 T105 29.82563 -84.8981 
6/25/2011 TSS21 611 T073 29.74704 -84.9463 6/29/2011 UNK02 611 T107 29.73556 -84.9854 
6/26/2011 UNK02 611 T075 29.73545 -84.986 6/29/2011 UNK05 611 T108 29.7401 -84.9651 
6/26/2011 UNK05 611 T076 29.74021 -84.9653 6/29/2011 TSS21 611 T109 29.74687 -84.946 
6/26/2011 TSS21 611 T077 29.74681 -84.9463 6/30/2011 UNK02 611 T110 29.73586 -84.9867 
6/27/2011 TSS22 611 T078 29.76586 -84.9291 6/30/2011 UNK05 611 T111 29.74011 -84.9654 
6/27/2011 UNK22 611 T079 29.80121 -84.9717 6/30/2011 TSS21 611 T112 29.74697 -84.9463 
6/27/2011 UNK23 611 T080 29.80516 -84.9854 6/30/2011 TSS41 611 T113 29.73196 -84.9682 
6/27/2011 UNK24 611 T081 29.80875 -84.991 6/30/2011 TSS42 611 T114 29.73376 -84.9703 
6/27/2011 UNK25 611 T082 29.807 -84.9931 6/30/2011 TSS43 611 T115 29.73441 -84.9732 
6/27/2011 UNK08 611 T083 29.7634 -84.9726 6/30/2011 TSS44 611 T116 29.73316 -84.9751 
6/27/2011 UNK07 611 T084 29.7465 -84.9682 6/30/2011 TSS45 611 T117 29.73223 -84.9789 
6/27/2011 UNK05 611 T085 29.74073 -84.9659 6/30/2011 UNK32 611 T118 29.72721 -84.9736 
6/27/2011 UNK04 611 T086 29.75838 -85.0087 6/30/2011 UNK33 611 T119 29.7241 -84.9736 
6/27/2011 UNK03 611 T087 29.75697 -85.0142 6/30/2011 UNK34 611 T121 29.82021 -84.8975 
6/27/2011 UNK02 611 T088 29.73677 -84.9875 6/30/2011 UNK35 611 T122 29.83241 -84.8852 
6/27/2011 TSS18 611 T089 29.71035 -84.9768 6/30/2011 UNK35 611 T122D 29.83241 -84.8852 
6/27/2011 TSS21 611 T090 29.7475 -84.9464 6/30/2011 UNK36 611 T123 29.83771 -84.8818 
6/28/2011 UNK02 611 T091 29.73621 -84.9864 6/30/2011 UNK37 611 T124 29.8477 -84.873 
6/28/2011 UNK05 611 T092 29.74027 -84.9656 6/30/2011 UNK38 611 T125 29.80665 -84.8941 
6/28/2011 TSS21 611 T093 29.74731 -84.9464 7/1/2011 UNK39 611 T125 29.77517 -84.9179 
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Table 14 Schedule and Location of Water Samples in Apalachicola, FL 
  
Date Site ID Sample ID Latitude Longitude Date Site ID Sample ID Latitude Longitude 
6/28/2011 TSS13 611 T094 30.00821 -84.9974 7/1/2011 TSS18 611 T127 29.71 -84.9765 
6/28/2011 UNK26 611 T096 29.91654 -84.9815 7/1/2011 UNK02 611 T128 29.73669 -84.9869 
7/1/2011 UNK03 611 T129 29.75714 -85.015 8/10/2011 UNK02 811 T155 29.73586 -84.9865 
7/1/2011 UNK09 611 T130 29.77314 -85.0448 8/10/2011 UNK02 811 T156 29.73587 -84.9864 
7/1/2011 UNK10 611 T131 29.78111 -85.0546 8/11/2011 UNK02 811 T157 29.73588 -84.9864 
7/1/2011 UNK11 611 T132 29.77899 -85.044 1/3/2012 TSS150 112 T001 30.09173 -85.1265 
7/1/2011 UNK43 611 T133 29.81442 -85.0199 1/3/2012 TSS151 112 T002 30.08527 -85.1354 
7/1/2011 UNK12 611 T143 29.82514 -85.026 1/3/2012 TSS152 112 T003 30.06771 -85.139 
7/1/2011 UNK45 611 T135 29.84916 -85.0351 1/3/2012 TSS153 112 T004 30.03578 -85.1128 
7/1/2011 UNK46 611 T136 29.84783 -85.0296 1/3/2012 TSS154 112 T005 30.01364 -85.0895 
7/1/2011 UNK13 611 T137 29.82491 -85.017 1/3/2012 TSS155 112 T006 29.99518 -85.0519 
7/1/2011 UNK14 611 T138 29.81004 -85.0067 1/3/2012 TSS156 112 T007 29.96705 -85.0251 
7/1/2011 UNK15 611 T139 29.80966 -85.0038 1/3/2012 TSS157 112 T008 29.92966 -85.0157 
7/1/2011 UNK16 611 T140 29.80589 -85.0084 1/3/2012 TSS158 112 T009 29.90000 -85.0145 
7/1/2011 UNK05 611 T141 29.74111 -84.9664 1/4/2012 TSS000 112 T010 29.73392 -84.9853 
7/1/2011 TSS21 611 T142 29.74819 -84.9467 1/4/2012 TSS000 112 T011 29.73392 -84.9853 
7/1/2011 TSS22 611 T143 29.76299 -84.9274 1/4/2012 TSS000 112 T012 29.73392 -84.9853 
7/1/2011 UNK51 611 T144 29.78434 -84.9215 1/5/2012 TSS000 112 T013 29.73392 -84.9853 
8/8/2011 UNK02 811 T145 29.73809 -84.9879 1/5/2012 TSS000 112 T014 29.73392 -84.9853 
8/8/2011 UNK02 811 T146 29.73817 -84.9874 1/5/2012 TSS000 112 T015 29.73392 -84.9853 
8/9/2011 UNK02 811 T147 29.73561 -84.9855 1/7/2012 TSS000 112 T016 29.73392 -84.9853 
8/9/2011 UNK02 811 T148 29.73572 -84.9852 1/7/2012 TSS000 112 T017 29.73392 -84.9853 
8/9/2011 UNK02 811 T149 29.73574 -84.9855 1/7/2012 TSS000 112 T018 29.73392 -84.9853 
8/9/2011 UNK02 811 T150 29.73527 -84.9854 1/7/2012 TSS000 112 T019 29.73392 -84.9853 
8/9/2011 UNK02 811 T151 29.73637 -84.9868 1/8/2012 TSS000 112 T020 29.73392 -84.9853 
8/9/2011 UNK02 811 T152 29.73576 -84.9864 1/8/2012 TSS000 112 T021 29.73392 -84.9853 
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Table 14 Schedule and Location of Water Samples in Apalachicola, FL 
  
Date Site ID Sample ID Latitude Longitude Date Site ID Sample ID Latitude Longitude 
8/10/2011 UNK02 811 T153 29.73585 -84.9865 1/9/2012 TSS000 112 T022 29.73392 -84.9853 
8/10/2011 UNK02 811 T154 29.73584 -84.9866 1/10/2012 TSS000 112 T023 29.73392 -84.9853 
1/10/2012 TSS000 112 T024 29.73392 -84.9853 3/13/2012 TSS000 312 T045 29.73466 -84.9854 
1/11/2012 TSS000 112 T025 29.73392 -84.9853 3/13/2012 TSS000 312 T046 29.73466 -84.9854 
3/5/2012 TSS000 312 T026 29.73466 -84.9854 3/14/2012 TSS000 312 T047 29.73466 -84.9854 
3/6/2012 TSS000 312 T027 29.73466 -84.9854 3/14/2012 TSS000 312 T048 29.73466 -84.9854 
3/6/2012 TSS000 312 T028 29.73466 -84.9854 3/14/2012 TSS000 312 T049 29.73466 -84.9854 
3/7/2012 TSS000 312 T029 29.73466 -84.9854 3/14/2012 TSS000 312 T050 29.73466 -84.9854 
3/7/2012 TSS000 312 T030 29.73466 -84.9854 3/15/2012 TSS000 312 T051 29.73466 -84.9854 
3/8/2012 TSS000 312 T031 29.73466 -84.9854 3/15/2012 TSS000 312 T052 29.73466 -84.9854 
3/8/2012 TSS000 312 T032 29.73466 -84.9854 3/15/2012 TSS000 312 T053 29.73466 -84.9854 
3/8/2012 TSS000 312 T033 29.73466 -84.9854 3/16/2012 TSS000 312 T054 29.73466 -84.9854 
3/9/2012 TSS000 312 T034 29.73466 -84.9854 3/16/2012 TSS000 312 T055 29.73466 -84.9854 
3/9/2012 TSS000 312 T035 29.73466 -84.9854 3/16/2012 TSS000 312 T056 29.73466 -84.9854 
3/9/2012 TSS000 312 T036 29.73466 -84.9854 3/16/2012 TSS000 312 T057 29.73466 -84.9854 
3/9/2012 TSS000 312 T037 29.73466 -84.9854 3/17/2012 TSS000 312 T058 29.73466 -84.9854 
3/10/2012 TSS000 312 T038 29.73466 -84.9854 3/17/2012 TSS000 312 T059 29.73466 -84.9854 
3/11/2012 TSS000 312 T039 29.73466 -84.9854 3/17/2012 TSS000 312 T060 29.73466 -84.9854 
3/11/2012 TSS000 312 T040 29.73466 -84.9854 3/17/2012 TSS000 312 T061 29.73466 -84.9854 
3/12/2012 TSS000 312 T041 29.73466 -84.9854 3/18/2012 TSS000 312 T062 29.73466 -84.9854 
3/12/2012 TSS000 312 T042 29.73466 -84.9854 3/18/2012 TSS000 312 T063 29.73466 -84.9854 
3/12/2012 TSS000 312 T043 29.73466 -84.9854 3/18/2012 TSS000 312 T064 29.73466 -84.9854 
3/13/2012 TSS000 312 T044 29.73466 -84.9854             
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Table 15 Surface and depth-integrated salinity valued for March 2012 water sampling 
  Surface Bottle Salinity (ppt) 
Sample ID Salinity (ppt) 1 2 3 
TSS000-0312-T026 0.09 0.1 0.08 0.07 
TSS000-0312-T027 0.3 0.31 0.31 0.29 
TSS000-0312-T027 0.08 0.13 0.11 0.1 
TSS000-0312-T029 0.05 0.05 0.05 0.05 
TSS000-0312-T030 0.05 0.06 0.05 0.05 
TSS000-0312-T031 0.05 0.05 0.05 0.05 
TSS000-0312-T032 0.05 0.05 0.05 0.05 
TSS000-0312-T033 0.07 0.11 0.09 0.08 
TSS000-0312-T034 0.05 0.05 0.05 0.05 
TSS000-0312-T035 0.05 0.05 0.05 0.05 
TSS000-0312-T036 0.05 0.05 0.05 0.05 
TSS000-0312-T037 0.06 0.06 0.05 0.05 
TSS000-0312-T038 0.06 0.06 0.05 0.05 
TSS000-0312-T039 0.05 0.05 0.05 0.05 
TSS000-0312-T040 0.05 0.05 0.05 NA 
TSS000-0312-T041 0.05 NA NA NA 
TSS000-0312-T042 0.11 0.12 0.11 0.11 
TSS000-0312-T043 0.06 0.07 0.07 0.07 
TSS000-0312-T044 0.06 0.06 0.06 0.06 
TSS000-0312-T045 0.07 0.11 0.11 0.09 
TSS000-0312-T046 0.05 0.15 0.12 0.07 
TSS000-0312-T047 0.06 0.06 0.05 0.05 
TSS000-0312-T048 0.06 0.05 0.05 0.05 
TSS000-0312-T049 0.09 0.09 0.09 0.09 
TSS000-0312-T050 0.32 0.38 0.38 0.35 
TSS000-0312-T051 0.06 0.06 0.06 0.05 
TSS000-0312-T052 0.05 0.05 0.05 0.06 
TSS000-0312-T053 0.05 0.07 0.07 0.07 
TSS000-0312-T054 0.07 0.06 0.06 0.06 
TSS000-0312-T055 0.06 0.07 0.06 0.06 
TSS000-0312-T056 0.06 0.06 0.06 0.07 
TSS000-0312-T057 0.06 0.07 0.06 0.07 
TSS000-0312-T058 0.05 0.06 0.05 0.05 
TSS000-0312-T059 0.07 0.06 0.06 0.05 
TSS000-0312-T060 0.19 0.2 0.33 0.35 
TSS000-0312-T061 0.08 0.13 0.13 0.14 
TSS000-0312-T062 0.05 0.06 0.05 0.05 
TSS000-0312-T063 0.2 0.6 0.59 0.53 





Table 16 Schedule and locations of 15-centimeter sediment cores in Apalachicola, FL 
Date Site ID Sample ID Latitude Longitude 
6/19/2011 SED16 0611 S002 30.18438 -85.08643 
6/19/2011 UNK01 0611 S003 30.12955 -85.09692 
6/19/2011 SED17 0611 S005 30.14693 -85.09412 
6/19/2011 SED10 0611 S007 30.09917 -85.11235 
6/21/2011 SED08 0611 S016 30.07693 -85.07090 
6/21/2011 UNK06 0611 S017 30.05692 -85.06027 
6/21/2011 SED07 0611 S019 30.05182 -85.07328 
6/25/2011 SED23 0611 S064 29.94014 -85.01250 
6/25/2011 SED15 0611 S067 30.00022 -85.00936 
6/25/2011 UNK20 0611 S069 29.98878 -85.01405 
6/25/2011 UNK21 0611 S074 29.73977 -84.95915 
6/28/2011 SED13 0611 S095 30.00821 -84.99740 
6/28/2011 UNK26 0611 S097 29.91654 -85.01132 
6/28/2011 UNK27 0611 S098 29.87375 -85.01132 
6/28/2011 UNK28 0611 S100 29.85374 -84.97332 
6/28/2011 UNK24 0611 S103 29.81753 -84.98741 
6/28/2011 UNK31 0611 S106 29.8256 -84.89806 





Table 17 Schedule and Locations of Overland Sediment Samples in Apalachicola, FL 
Date Site/Sample ID Latitude Longitude 
1/3/2012 13 30.05008 -85.05020 
1/3/2012 11 30.03355 -85.00030 
1/3/2012 10 29.96676 -84.96680 
1/3/2012 12 29.91672 -84.96680 
1/3/2012 21 29.86675 -85.00010 
1/3/2012 19 29.86674 -85.00010 
1/3/2012 7 29.86671 -84.96690 
1/3/2012 9 29.83354 -84.95020 
1/3/2012 16 29.81667 -84.98340 
1/3/2012 20 29.81668 -84.98340 
1/3/2012 17 29.80008 -84.96670 
1/3/2012 18 29.81667 -84.93350 
1/5/2012 6 29.82296 -84.90413 
1/5/2012 5 29.82558 -84.90092 
1/5/2012 4 29.82876 -84.88342 
1/5/2012 8 29.78209 -84.83115 





Table 18 Schedule and locations of biomass samples in Apalachicola, FL 
 
Date Site ID Sample ID Latitude Longitude 
 
 




BIO002 29.72631 -84.8891 
 
 
BIO003 29.72635 -84.8891 
 
 




BIO005 29.72642 -84.889 
 
 
BIO006 29.72646 -84.8889 
 
 




BIO008 29.72649 -84.8888 
 
 
BIO009 29.72648 -84.8889 
 
 




BIO011 29.72657 -84.8888 
 
 
BIO012 29.72658 -84.8887 
 
 




BM56 29.72302 -84.8906 
 
 
BIO014 29.72305 -84.8906 
 
 




BIO016 29.72326 -84.8907 
 
 
BIO017 29.72329 -84.8907 
 
 




BIO019 29.72328 -84.891 
 
 
BIO020 29.7233 -84.891 
 
 




BIO022 29.72345 -84.8905 
 
 
BIO023 29.72349 -84.8905 
 
 




BIO025 29.72369 -84.8903 
 
 
BIO026 29.7237 -84.8903 
 
 




BIO028 29.72343 -84.8886 
 
 
BIO029 29.72344 -84.8887 
 
 




BIO031 29.78589 -84.8905 
 
 
BIO032 29.78592 -84.8905 
 
 
BIO033 29.78591 -84.8905 
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BIO034 29.78603 -84.8905 
 
 
BIO035 29.78604 -84.8905 
 
 




Table 18 Schedule and locations of biomass samples in Apalachicola, FL 
 




BIO037 29.78614 -84.8904 
 
 
BIO038 29.78617 -84.8904 
 
 
BIO039 29.78615 -84.8903 
 
 




BIO044 29.7786 -84.8708 
 
 
BIO049 29.77861 -84.8708 
 
 




BIO046 29.77855 -84.8708 
 
 
BIO047 29.77853 -84.8708 
 
 




BIO051 29.76828 -84.8799 
 
 
BIO052 29.76831 -84.8798 
 
 




BIO054 29.76837 -84.8797 
 
 
BIO055 29.76837 -84.8797 
 
 




BIO057 29.76889 -84.8798 
 
 
BIO058 29.76893 -84.8798 
 
 




BIO060 29.76936 -84.8787 
 
 
BIO061 29.76938 -84.8787 
 
 




BIO063 29.7712 -84.8774 
 
 
BIO064 29.77119 -84.8774 
 
 






Table 19 Sampled biomass densities in Apalachicola, FL 



















9/17/2011 1 29.72593 -84.88967 9.0 119.3 1909.4 0.0 96.5 0.0 3.5 100.0 
9/17/2011 2 29.72633 -84.88909 5.9 239.1 3826.0 39.2 0.0 0.0 60.4 99.5 
9/17/2011 3 29.72644 -84.88893 6.5 170.0 2720.1 51.6 27.6 0.0 20.2 99.4 
9/17/2011 4 29.72649 -84.88884 6.1 118.4 1894.1 58.4 0.0 0.0 41.8 100.1 
9/17/2011 5 29.72658 -84.88874 5.6 120.3 1924.9 82.1 0.0 0.0 18.0 100.0 
9/17/2011 6 29.72303 -84.89053 4.5 77.4 1238.6 48.1 0.0 0.0 51.9 100.0 
9/17/2011 7 29.72327 -84.89070 3.4 61.9 990.1 84.0 15.1 0.0 2.2 101.3 
9/17/2011 8 29.72329 -84.89095 13.9 77.2 1234.9 100.0 0.0 0.0 1.1 101.0 
9/17/2011 9 29.72345 -84.89046 0.9 103.0 1648.6 90.6 0.0 0.0 9.5 100.1 
9/17/2011 10 29.72369 -84.89027 4.5 104.6 1673.6 93.8 0.0 0.0 6.2 100.0 
9/17/2011 11 29.78591 -84.89046 0.0 176.2 2818.7 25.3 0.0 0.0 74.8 100.1 
9/18/2011 12 29.78603 -84.89047 0.0 142.9 2286.0 33.5 6.0 0.0 60.6 100.1 
9/18/2011 13 29.78615 -84.89036 0.0 129.9 2078.6 26.8 16.5 0.0 57.2 100.5 
9/18/2011 17 29.76829 -84.87984 0.0 40.2 642.9 49.4 16.0 0.0 39.4 104.8 
9/19/2011 18 29.76836 -84.87966 0.0 52.2 835.1 75.7 0.0 0.0 26.8 102.4 
9/19/2011 19 29.76891 -84.87975 0.0 57.6 921.7 38.9 13.6 0.0 47.6 100.1 
9/19/2011 20 29.76937 -84.87872 2.9 67.2 1075.3 87.2 3.5 0.0 10.1 100.7 
9/19/2011 21 29.77120 -84.87743 6.2 60.6 969.6 50.0 46.6 0.0 4.6 101.2 




Table 20 Schedule and locations of 50-centimeter sediment cores in salt marsh in Apalachicola, FL 
Date Site ID Sample ID Latitude Longitude 
3/5/2012 SET3 0312 SJ01 29.76852 -84.87853 
3/6/2012 SET2 0312 SC02 29.77101 -84.87708 
3/6/2012 SET2 0312 SC03 29.77101 -84.87702 
3/7/2012 SET2 0312 SC04 29.77107 -84.87698 
3/7/2012 SET2 0312 SC05 29.77104 -84.87695 
3/8/2012 SET2 0312 SC06 29.77107 -84.87688 
3/8/2012 SET2 0312 SJ07 29.77119 -84.87699 
3/8/2012 SET2 0312 SJ08 29.77116 -84.87696 
3/8/2012 SET2 0312 SJ09 29.77118 -84.87698 
3/9/2012 SET2 0312 SJ10 29.77116 -84.87701 
3/9/2012 SET2 0312 SJ11 29.77113 -84.87704 
3/9/2012 SET1 0312 SJ12 29.77015 -84.87760 
3/10/2012 SET1 0312 SJ13 29.77014 -84.87763 
3/10/2012 SET1 0312 SJ14 29.77009 -84.87764 
3/10/2012 SET1 0312 SJ15 29.77010 -84.87772 
3/11/2012 SET1 0312 SJ16 29.77013 -84.87768 
3/11/2012 SET1 0312 SC17 29.77008 -84.87763 
3/11/2012 SET1 0312 SC18 29.77005 -84.87767 
3/11/2012 SET1 0312 SC19 29.77002 -84.87766 
3/12/2012 SET1 0312 SC20 29.77010 -84.87759 
3/12/2012 SET1 0312 SC21 29.77007 -84.87761 
3/12/2012 SET3 0312 SJ22 29.76854 -84.87861 
3/12/2012 SET3 0312 SJ23 29.76856 -84.87859 
3/13/2012 SET3 0312 SJ24 29.76853 -84.87858 
3/13/2012 SET3 0312 SJ25 29.76855 -84.87859 
3/13/2012 SET3 0312 SC26 29.76860 -84.87864 
3/13/2012 SET3 0312 SC27 29.76861 -84.87863 
3/13/2012 SET3 0312 SC28 29.76861 -84.87865 
3/13/2012 SET3 0312 SC29 29.76860 -84.87866 
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Table 24 Variations of A with Gs 




17 18 19 20 21 22 23 
2.50 0.0149 0.0147 0.0145 0.0143 0.0141 0.0140 0.0138 
2.55 0.0146 0.0144 0.0143 0.0141 0.0139 0.0137 0.0136 
2.60 0.0144 0.0142 0.1040 0.0139 0.0137 0.0135 0.0134 
2.65 0.0142 0.0140 0.0138 0.0137 0.0135 0.0133 0.0132 
2.70 0.0140 0.0138 0.0136 0.0134 0.0133 0.0131 0.0130 
2.75 0.0138 0.0136 0.0134 0.0133 0.0131 0.0129 0.0128 
2.80 0.0136 0.0134 0.0132 0.0131 0.0129 0.0128 0.0126 
A
 Gs = specific gravity of soil assumed constant at 2.80 and temperature 
assumed a constant 19°C 
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Table 25 Variations of Effective Depth, L, with hydrometer reading 
Values of Effective Depth Based on Hydrometer and  












Depth, L, cm 
0 16.3 31 11.2 
1 16.1 32 11.1 
2 16.0 33 10.9 
3 15.8 34 10.7 
4 15.6 35 10.6 
5 15.5 
  
6 15.3 36 10.4 
7 15.2 37 10.2 
8 15.0 38 10.1 
9 14.8 39 9.9 
10 14.7 40 9.7 
11 14.5 41 9.6 
12 14.3 42 9.4 
13 14.2 43 9.2 
14 14.0 44 9.1 
15 13.8 45 8.9 
16 13.7 46 8.8 
17 13.5 47 8.6 
18 13.3 48 8.4 
19 13.2 49 8.3 
20 13.0 50 8.1 
21 12.9 51 7.9 
22 12.7 52 7.8 
23 12.5 53 7.6 
24 12.4 54 7.4 
25 12.2 55 7.3 
26 12.0 56 7.1 
27 11.9 57 7.0 
28 11.7 58 6.8 
29 11.5 59 6.6 
30 11.4 60 6.5 
A
 Values of depth are calculated from the equation: L = L1 + 1/2[L2 - (VB/A)] 
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UCF CHAMPS LAB 
FIELD RESEARCH SAFETY GUIDELINES 
The following safety guidelines are intended to inform students and staff participating in field 
research on behalf of the UCF CHAMPS Lab about safety protocols and risk management 
practices. Above all, use your best judgment when performing field research and remember the 
over-arching rule when deciding if it is safe to proceed: If there is any doubt, there is no 
doubt. 
1. Review the guidelines issued by UCF for field research. A copy of this document should 
be in all field research vehicles as well as the lodging facilities at all times while out in 
the field. 
2. The team leader must file a plan with someone at UCF and someone in the local area. 
This plan must include the names and pictures of the participants, coordinates of the 
sampling site(s) and the departure point, scheduled times, contact information, and a list 
of equipment. 
3. Team leader must give the participants the most accurate plan possible with 
contingencies described. Participants must review this plan thoroughly and ensure that 
he/she can physically perform the planned activities. Always estimate your strength and 
endurance conservatively. 
4. Participants must share gear lists prior to departing UCF so the less experienced members 
of the team can see what gear and clothing the more experienced members are bringing. 
5. Always review the weather prior to departing and monitor it continuously while in the 
field. The presence of lightning, regardless of perceived distance away, results in an 
automatic ceasing of all research activities. All researchers should seek shelter 
immediately. 
6. Wearing a personal flotation device (PFD or life jacket) is mandatory on all vessels while 
conducting UCF field research. PFDs must have an emergency whistle attached. 
7. All participants must demonstrate that they are able to operate the communication 
equipment. 
8. All participants must take a general boating safety course such as those offered by the 
Orlando Power Squadron. 
http://www.usps.org/localusps/orlando/course_description.htm. 
9. All researchers participating in water sampling must undergo a swim test and kayak 
capsize drill in the presence of certified lifeguard. Researchers must be able to swim a 
minimum of 100 yards using any stroke. The kayak should be flipped over in a controlled 
environment in order to develop familiarity with procedures. Both of these tests should be 
conducted while wearing typical water sampling clothing and footwear. 
10. All researchers that are sampling in an area open to hunting should wear a minimum of 
500 square inches of blaze orange, including a hat. Sampling during an active hunting 
season, especially general gun season, should be avoided if possible. This applies to river 
as well as upland sampling. 
In conclusion, never hesitate to bring issues to the attention of your team leader. If the task at 
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